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RIDQI2.3- dlFYRimCIHE-2.4 DIAIyyWES 
AS PDE2 INHIBITORS 

5 FIB-D OF THE IHVmnOH 

The irwenlion relates to certain pyr id op 3- dlPVfif™Jhe-2.+ diamines useful 
as PDE2 inhbtors; pharrnaceutical formulations tiereof; c ornbinations thereof; and 
uses thereof. 

10 BACKOROUHD OF THE IHVmTDH 

The phosphodiesterase (PD^ family of enzymes regulates intracellular 
levels of secondary messenger cAlyyP or cGlUP through hydrolytic conlrol. 
Phosphodiesterase Type ll(PDE2^ possesses a buu affinity catalytb domain and an 
alosteric domain s pecific for cGlyyP. The Ioiaj affnly catalytic site can hydrolyze 

15 both cAIUP and cGIUPwitti a louuer apparent Km for cGIUP over cAIUP. Houuever, 
uv hen cGlyyP bhds to the allosteric s le, the cata^lic site undergoes a conf ormalional 
change s houu ing high affinity for cAIUP. PDE 2s houus ihe highest e<pression h the 
brain, but is at o found in many other tissues as wel and, therefore, has a broad 
array of function and potential therapeutic utility (J. A. Beavo, et al, Rev. Ftrysio. 

20 Biochem Pharm. J^. 67 (1999)). fearrples of PDE 2 function and therapeutic 
potential are in neuronal development, learning, and memory (W. C. 0. van Staveren, 
et a L , Br ain Res . , ffiS, 275 (2001) an d J. O Don nell, et. al. , J. Phar m B<p . The r. . 302 . 
2^ (2002)): prolacth and aldosterone secretion (Ivl □. Velardez, et. al.. Eur. J. 
Endc, J43, 279 (2000) and N. Gallo-Payet, et. al.. Bide, 3594(1999)): bone 

25 c ell differ entiatio n, gr ouu th , and b one res or ptio n ( C. Allar dt Lamb erg , et. al. , Bioch em 
Pharm, 69. 1133 (2000) and S. Wakabayashi et al.. J. Bone, lulner. Res., J7, 249 
(2002)): irrtTuncicgbal response (Ivl D. Ho us lay, et al.. Cel. Signal., 8, 97 (1996): 
vascular angiogenesis (T. KeravE, et. aL, J. Vase. Res.. 3L. 235 (2000): 
inflarrvnatcry eel transit (S. L. Wolda, et al, J. Histochem Cytochem. S95 

30 (199S): cardiac contraction (R. Fischrrsister, et al., J. Clin. Invest., 99. 27 10 (1997), 
P. Donzeau- Gouge, et. al., J. PtrysioL, 533, 329(2001), and D. J. Paters on, et. al.. 
Card. Res.,^, 446 (2001)): platelet aggregation (R. J. Has lam et. al., Biochem J., 
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323 . 371 OSST): female sexual arousal disorder (FSAD) (CP. Wajrman. et al.. 
European Patent Application Publication Nos. 1 097 7707 and 1 0977 00): and 
hypcKic pukro nary vasoconstriction (J. Haynes. et. al.. J. Pharrn &:p. Ther.,276, 
752 (1990)). ft has been shoirtJ n that BHIMA (;erythro-9-(;2- hfjfdroKy-3- nonyfjadenine), 
a potent adenosine deaminase inhibitor, selectrt/ety inhibits PDE2, however, the use 
of EIHNA as a PDE 2 based therapeutic agent e Irnted due to low potency in 
inhbling l=DE2, and high poteni::y in rhibiting adenos he dearrinas e (R. FEchrneister, 
et a!., Mol l=tiarm,.«, 121 C1995)). 

tt has now been found that oertain pyridcip,3- d]pyrinTdhe-2,4- diarrine 
derivatives of formula (1) hereinbelouu inhibit PDE 2 and. therefore, are useful hthe 
treatrrenit of physiological disorders mediated though Itie cAlyyP or cGlyyP celular- 
s ignaling pathiru ay. 

U.S. Pjt. Hcs. 5,547^54 and 5,710,157 dL-clcr.-H certain 2,4 diarrincK 5.6- 
d E uhstitute d- and 5,6,7-trisubstituted-5- deazapteridhes, compos lions thereof, and 
uses thereof in conirollhg ins eots h agricutural crops. 

SlJ^t..V\RY QF TME INV&mQH 
The invention provides corrpounds of forrrulad) 



OCCi-Cs^lki/J 




N 

NHCCHzlh-K-V 

(1) ; 
prodrugs thereof, and the pharmaceulicaly acceptable salts of the conpounds or 
prodrugs, whereh n, X. and Y are as defhed herehbelow; pharmaceutical 
compos lions thereof; corrtiinatons thereof; and uses friereof. 

DETAII-H> DESCRFT10H0F THEIHVEH-nOH 



"The present invention provides compounds of formula (0 
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(I) 



the prodrugs thereof, and the phdrmaoeutcaU^ accepiable salts of the compounds 
or prodrugs, whereh: 

5 and are hydrogen or methoKy. provided and are not both 

hydrogen or both methoxy: 
n is 1,2, 3. or 4; 

X is a bond; 0; S; OO; ■U(R)-. uu herein R is hydrogen or -(Cf C^ak^/V. ■ 
CCOK)-; or-Spsi and 

10 Y is benzoxazo^^t benzothiazofvl; bHrizofurazanyl; benzof uranyl; 

benzothia diazolyl; benzisoxazolyl; berGiscithiazi:il|,i t berizin-idazoh/l; p/rid^/l; isatinyl; 
oxindoljfl; indazol^l; indoh/l; phenyl thien^/t or furanyl; iai herein Y is optionaly 
s ubstituted independently uu ith f romone to three halogen; trifluoromethyl; meth(»<y; - 
C(=0r)CH3: cyano: -OCCHifeOH: -CH(;CH3)0H: -CHi;CF:i)OH: -OCOODCFi -so^[^^■. - 

15 C(=Or) OCHg: - CHspOOH; .jO; thiazoly 1; o r ana diazolyl. 

A generally preferred subgroup of the corrpounds of formjla(D cornprises 
those corrpounds uu herein Xis a bond and Y e benzcfurazanyl; thienyl; pyridyt or 
phenyl herein phenyl is optionaly substituted independently uurth one or iAJO 
halogen: trifluoromethyl; methoKy; -0C=0I)CH3 cyano; -OCCHiipH; -CHCCHiOH; - 

2D C KCF3) OH; - CC>O0 CF3; - SQzNHz: - 0;= ODOCHa: - CHzCOOH ; 1h iazolyl; or OKad iazoly I. 

An especial^ preferred subgroup of the corrpounds of forrrulad) corrprises 
those corrpounds wherein X s a bond, n is 2 or 3, and Y is thienyl; pyridyl; or 
phenyl uu herein phenyl is optionaly substituted independently uurth one or iAJO 
methoxy; halogen; - OCChyfeOH; CHCCF^JOH; or - OCOOOCF^ 

25 A cyclic group may be bonded to another group in more than one uuay. If no 

particular bonding arrangement is specified, then a I possible arrangemerrts are 



intended. For example, tie term "pyridyP' includes 2-, 3-, or ^pyridjrl, and the term 
"thienyr' includes 2- or 3-thienyl 

The compounds and hter mediates of the present iiwention may be named 
according to ether the lUFyVC (hternaiional Union for Pure and Applied Cherrtstry) or 
5 CAS C Chemica I Abs ir acts Service, Co L mbus , OK) nome nclatur e s ysterre . 

The carbon atom content of the various hydrocarbon-contahrg moieties 
may be indicated by a prefk designathg the mrmum and maximum number of 
carbon atoms r the moiety, i.e., the pref k "<C^ Cii)al(yr hdicates an aky I moiety of 
the intege r to " b' car bon atoms , inclus it.i-e . 
10 The term"al(yr' denotes straight or branched, monovalent chars of carbon 

atoms. Examples of aky! groups include meithyl ethyl propyl is o propyl, butyl, 
isobutyl, andthe Ike. 

The term" halogerV' represent chfciro, fluoro, hromo, and iodo. 

The term "prodrug" refers to a compciund that is a drug precursor which, 
15 folliSAjng administration, releases the drug .-.t wio via a chemical or physiological 
process (e.g.. upon being brought to physiological pH or through enzj^me activH)/). A 
ds cuss ion of the preparation and use of prodrui;; L" provided by T. Higuchi and W. 
Stella, "Prodrugs as Novel Delvery Si'steme", Vol. 14ijftheACS Syrrposium Series, 
and in "Bioreversible Carriers in Drug Design", ed. EdiAjard B. Roche, American 
20 Pharmaceutical Association and Pergamon Press (1987). 

The term"mamfnar' means animals including. for example, dogs, cats, coais, 
s heep, horses , and humans . Preferred mamnals include humans of ether gender. 

The term '!sats" refers to organic and inorganic salt of a compound of 
formula (0, or a prodrug thereof. These sats can be prep are dz/rsyb/ during the final 
25 isolation and purification of a compound, or biy separate^ reacting a compound of 
formula (0, or a prodrug thereof, uuith a su table organic or inorganb acid or base 
and E elating the salt thus formed. Representative salt include the hydro bromide, 
hydrochloride, sulfate, btufate, ntrate, acetate, oxalate, besylate, pahitate, 
stearate, laurate, borate, benzoate, lactate, phosphate, tosylate, citrate, male ate, 
30 fumarate, succinate, tartrate, naphthylate, mesylate, glucoheptonate, lactobion ate, 
and lauryt ulphonate sats, and the Ike. These may ato include cations based on 
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the akaW and akalhe earth metals, such as sodium IHhium potassium, oaloium 
magnes ium and the lite, as w ell as nor> toxic ammonium quaternary ammonium and 
amre cations including, but not imrted to. arrmonium tetiamethjflammionium 
tetraethylamnonlum methfylamine. dimethylamine. trmeihylamine. triethy la mr e, 
5 ethylarriine, and the he. For additional examples see, for e<ample, Berge, ei al., J. 
Pharm Sci.,ffi, 1-19 (1977). 

The term"sutElitute(f' means that a hydrogen atom on a molecule has been 
replaced with a different atom or rrolecule. Thie atom or molecule replacrg the 
hydrogen atom is denoted as a"substtuent" 

10 As used herein, the term "therapeuti::all|,i- effective amount" means an 

amount of a compound that e capable of treating a described pathological condtion. 

The terms "treaf, "treatmisnf', and "treating' include preventative (e.g., 
prophylactic) and palliative (e.g., healing or curative) treatinent or the act of 
provclrg preventative or paliatt/e treatmerrt. 

15 The compounds of formula (F) may contain ^ynmelic or chira I ce nte rs and, 

therefore, eixist in different stereotsomeric forme. It is intended that allstereoisomeric 
forme of the compounds and prodrugs of forrrwia (F) as well as nt<tures thereof, 
including raceme matures, form part of the present invention. In addition, the 
present invention embraces all geometric and pcsitional ison-ers. For example, if a 

20 compound or prodrug of formula ([) h cor porates a double bond(s). both the c^s- and 
trsns- forme, as vuel as rrixtures thereof, are embraced uuthin the scope of the 
invenrtion. 

Diastereomeric rrtdures can be separated into their individual diastereome is 
on the basis of Iher physic alchemical differences by methods ell knouun to those 

25 of ordinary skil h tie art. such as by chromatography and/or fractional 
crystalization. Enantiomers can be separated by converting the enantiomeric mixture 
into a diasteriomeric mkture by reaction uuith an appropriate optically active 
compound (e.g.. alcohoj), separating tiie diastereomers and converting (e.g., 
hydrolyzing) the indiridual diastereomers to the cor res pondhg pure enantiomers. 

30 The corrpounds and prodrugs of the compounds of formula (0 may exist in 

unsolvated as well as soKrated forms volh pharmaceutical^ acceptable solvents, 
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such as water, ethanol, and ihe Ike, and it is intended that the hvention eniirace 
baths olvated and unsolvated forme. 

It is at 0 possible ihat the compounds and prodrugs of formula (J) rnay exist 
as tautomeric isomers in equilbrium and alsuch forme are embraced ithin the 
5 s cope of -the irwention. 

The present inventcm also embraces isi:iti:ipic3lfj,f- bbeled compounds of 
formula (F). hich are identical to those recited herein, but for the fact that one or 
more atome are replaced by an atomi haying an atom*:: mass or mass number 
different from the atomic mass or mass number us ualh/ found in nature, feamples of 

10 isotopes that can be incorporated irrto compouni- of form(jla(r) include isotopes of 
hydrogen, carbon, nitrogen, oxygen, phosphonj.- , fluorine, and chlorine, s uch as ^H, 
^H. ■i^, ^*C, *H, ^0. "0,^^P,^P.^, ■^F. and^CI, respectwefjf. The compounds of 
formula (1), the prodrugs thereof, and thie pharmaceuticalljf acceptable s alte of the 
compounds and prodrugs, that contain the aforementioned isotopes and/or oiher 

15 isotopes of the other atoms are intended to be vulhin ihe scope of the instant 
irr'.f enrtion. 

Certar eotopicalh/- labeled compounds of formula (1), for eKample ttiose 
compounds into lAihich radioactive isotopes such as and are incorporated, 
are useful h compound and/or s ubstr ate tissue deirbution assays. TrHiated. Le.. "^H, 

20 and carbor>14, Le.. ''*C, isotopes are particularly preferred for their relative ease of 
preparation and facile detection. Furthermore, substitution vu ith heavier Eotopes 
s uch as deuterium i.e., may afford certah therapeutic advantages res ulting f rom 
greater metabolic stabiliy, for exarrple, increased in vivo haMife, or reduced 
dosage requirements and, hence, may be preferred in some circumstances. The 

25 is otopically- labeled compounds of formula (!) can gen era ly be prepared by carrying 
out procedures analogous to those disclosed in the Schemes and/or B<amples set 
forth herenbeloAJ, by substtuting an e otopically- labeled reagent for a non- 
isotopicaliy-labeled reagent. 

In another aspect the invention provides methods of treating PDE 2- mediated 

30 conditions, dEeases, or symptoms in a mammal in need of such treatment hich 
methods corrprise administer h g to the marrtnal a therapeutical^ effective amount of 
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a corrpound of formula (\). a prodrug thereof, or a pharmaceuticaltv aocepftable salt 
of the compound or prodrug; or a pharmaceutical corrposltion comprising a 
compound of formula (\). a prodrug thereof, or a pharmaceuticaHf acceptable sal of 
the compound or prodrug, and a pharmaceuticalh/ acceptable vehicle, carrier, or 
5 diuerrt. 

Preferred conditions, diseases, or symptiiims treatable accord rg to the 
present methods include osteoporosis, pulmnnari,!- hypertension, female sexiual 
arousal disorder, diminished memory or cognition, platelet aggregation, vascular 
angiogenesis, dementia, cancer, arrhythmia, thrombceis, bone fracture and/or 
10 defect, delayed or non- union fracture, sphal fusion, bone in-grouuth. cranial facial 
reoorctruction. or hypo»<ia. An especial^ preferred condition is bone fracture and/or 
defect. 

In another aspect; the imj-ention provides methort for inhibitrg FOE 2 actKfity 
in a mammal in need of such inhibition i/u h io h methi od=: corrprise admriEtering to the 

15 mammal a Pt>E2- inhibiting amount of a compound of formula (p, a prodrug thereof, or 
a pharmaceuticalh/ acceptable s aH of the corrpijund or prodrug; or a pharnriaceutical 
compos iion conprfeng a compound of forrTuia (\\. a prodrug thereof, or a 
pharmaceuiicaly acceptable salt of the compound or prodrug, and a 
pharmaceulicaly acceptable vehcle, carrier, or diluerrt. 

20 The corrpounds of formula ([), the prodrugs thereof, and the 

pharmaceuticalif acceptable sate of the corrpounds and prodrugs, may be 
administered to a marrmal at dosage levels in the range of from about 0.001 mg to 
about 200 mg per day. For a normal adult human havhg a body mass of about 70 kg. 
a dosage in the range of from about 001 mg to about 100 mg per kg body mass is 

25 typical^ preferred, houuever. some variabiliy in the general dosage range may be 
requred depending upon the age and mass of the subject being treated, the 
intended route of adrninistraljon. the particular corrpound being adrrinistered. and the 
Ike. The deterrrination of dosage ranges and optirmi dosages for a particular 
manmallan s ubject e uu Hhn the ablHy of one of ordinary skil h the art havhg benefit 

30 of the hstant disclosure. 



In yet anoiher aspect the invenliDn provides pharmaceutical c crripos lions 
ccmpFErig a cornbinaliDn of a PDE 2 hhibilor. an 5^ selective agonEt and a 
pharmaceutical^ acceptable vehicle, carrier, or diluent; and rnethods of treating 
Dsieopcrcs E , pulmonary hypertensnn. female sexual arousal disorder. dirriiEhed 
5 memory or cognition, platelet aggregation, vascular angiogenesis, dementia, cancer, 
arrhythmia, throrrtiosE, bone fracture and/or defect, dela^ied or non-union fracture, 
s pinal fusion, bone in- growth, cranial facial re core iiuctlon, or hypcKia us rg such 
0 ompQS lions . An es pe ciaH^ p ref er red co ndrtio n is bo ne f r actur e a nd/or defect 

In yet another aspect, the rvention provide methods of treating bone 
10 fracture and/or defect in a mammal h need of such treatment which methods 
comprfee administering to the rriarmial a therapeutically effectiire amount of a FDE2 
inhblor, a prodrug thereof, or a pharn-iaoeuticai^i/ acceptable salt of said rhibitor or 
prodrug. 

Anry PDE 2 inhbtor, including the corrpoumt of formula (p herer, can be 
15 employed in the methods and combinations of the invention. Examples of knoovn FC'E 
2 inhibitors compree EHNA, 6-(3,4-dimethoxy-benri/!)-1-[(1-hydro>?y- ethyl)-4 
p heny I- butyO-3^ rrethyl- 1 j5- dihy dro- py raz olor3,4- d] rimidine- 4 o ne (BAY- 60- 7550; 
U.S. Pat No. 6.174 ;3S4), and 9-C1- aceii. t4 phenyl-but!^l)-2-C3,4dimeth(»^y-ben^ytl- 
1 j9-dihy dropurr-6- one (U.S. Pat. No. 5,861,396rj. Additional eKan-ples of PDE 2 
20 inhbtors are dE closed r U.S. Pat. Nos. 5,861,396; 5,^1,774; 6,^,796; and 
6555,&^7; and in PCT International Application Publication No. 98/32755. 

Any S<2 selective receptor agonist can be ernployed in the combination 
aspect of ttie present invention, houuever. a general^ preferred class of EF^ 
selective receptor agonists, disclosed in comnonly- assigned U.S. Patent Number 
25 6.^08.172. comprises compounds of FormulaAA 
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p rod rugs the reof , an d the ph arma ceutically a ccepta ble s alb ther eof . vn her ein 0, A, 
B, K K Q. ^nd Z are as def hed thereh. 

Oeneralty preferred compounds of Formula AA are (3-C(( pyridine- 3- 
s utfonyr>(4 pvrirTitih-5-yl-beriizyp-arTirio> nTethif-r)-phenyr)-aoe1ic acid; C3-CCC5- 
5 pherifyl-furan-2-ylrTiethyl5-(pyrdre-3-sulforifyp-an-fio> rTiethiir> pherrifr> acetic acid; 
(3- (((py ridine- 3- s utf c nyO (4- py rimidirv2-yl- benzyr> arrino)- methy p- p herrjf [i- a cetic 
acid; (3-CC(;pyridrie-3-sulforTif p-i;4thiazol-2-yl-beriri) ti-arTirio> metlrifrj-phenifr)- acetic 
acid; (3-((;C4pyrazir>2-yl- benzyFKpy ridine- 3 s utf onyl> arT(nc>metiTif [i-phenjf p- 
acetic acid; C3-i;i;i;4 cyclohexyl- benzyr> (pyridine- 3 s utf onyr> aninc>metiTif p- 

10 pheno><y)- acetic acid; (3- (((pyridine- 3- s utf o nyrX'^ py ridin-2-yt benzyt)- anino)- 
rrieti^yr> pheno>;y>acetc acid; (3-((( pyr idine- 3-s ulf onyr> (4 pj|-ridri-3-yl-benzyp- 
amrio)- rristhyD-phenoxy)- acetic acid; (3-(((pyridre-3-sulfonfyp-(4 pJfrid^l-4yl- 
benzyp-am^lOi> rnethyO-phenoKy> acetic acid; (3-(((pyridine-3-sulfonyl>(4-thiazol-2- 
y t benzyr> arTino5-meti-iyr> phen oco/)- a cetc acid; 5-(3-((pyridine-3-sutf onyr)-(4 

15 thiaz:ol-2-yl-benE:^i-p-arrino> propyO-thiciphene-2-carboc:<ylic acid; (3-(((2,3-dliydro- 
beneo[1 ,^dioxr-&-ylmerthyr)-(pyridine-3-sulfor(yD- amino)- rrethyl)- phenyl)- acetic 
acid; and (3-((benizcfuran-2-ylmethyKpVfi(Jine-3-sufonyl> arrino)- meti-rj^p-p henry p- 
acetic acid; (3-(((4 bijtyl-benEyl)-(pyridrie-3-sulfonyp-amr ()> n-ietl-(yl)-phenyr)- acetic 
acid; (3-((benEenesutforiyK'^ butyl- beneyp- a rnrio> rrethyrj-pheriy I)- acetic acid; (3- 

20 (((4 butyl- b enzy p-( 1- metiiyl- 1 H- imidazc le-4 s ulf onyl)- arT(no> n-ieti-iyl> phenyl> acetic 
acid; and (3-(((4drnethylarTiino- benzylXpy ridine- 3- s ulf onyl> amino)- mettiiyp- 
p heny p- a cetic acid; (3-(((4 dimethylarrino- benzyl)- (pyridine- 3- s ulf orryO-arrino)- 
melhyOphenoKy)- acetic acid and (3-(((+iiert- butyl■benzy^)■(PVf'd^le■3■sulfonyp■ 
a mr o> methyl)- ph enoxy)- acetic acid; tfans-(3- (((3- (3 5- dichlor o- phenyl al^ p- 

25 (pyridine-3-s ulf onyl)- amino)- methy p-phenyp- a cetfc acid; C3-C((2- (3.5- dichlor o- 
p henoxy)- ethy p-( pyr idine- 3-s ulf Dny[> amino)- methyl)- ph eno(xy> acetic a cid; 

prodrugs thereof, and pharmaceuticaly acceptable salts of the compounds and the 
prodrugs. 

An especially preferred compound of Formula AA e (3-(((4iBr* butyl- 
30 b enzy p-( pyr idine- 3-s ulf onyj)- amino)- methy p-phenoxy)- acetic acid, a prodrug 
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thereof, or a pharmaceutically acceptable salt of ttie compound or prodrug. A 
p articular ly p ref er red s alt is ttie s o dium s alt 

Another generally preferred class of B^selectire receptor agonist useful 
in tie c ornbination aspect of the nvention corrprises the compounds, prodrugs, 
5 and pharmaceutic: al^- acceptable salts of Formula BB belouu , uu hich are disclosed in 
commontir- assigned U.S. Pat h4o. 6.2B8.1 2D 




Formula BB 



uu herein A, B, K IVlQ. andZ are as defined therein. 
10 Generally preferred compounds of Formjla BB are 7-[C2'- hydroxyrTpethyl- 

b p heny 1 4 y ImethryO- methanes utf o rryl- a mr o]- he pta noic a cid; 7-{ ^-(3- 

hydroxyme1hyl-thiophen-2-y[)-benzyI]-ma1t-ianesulfonfy4 aminol-heptanoic acid; 7- 
[(2- oh lo ro- biphe rifii-|-4-ylmiethf!/'[)- metha nes u If on</ [ amino]- h eptano io acid; 7-{ f4-( 1- 
hydra^y- he><:yl> benzyl]- methanes utfonyl- a mro]- he pta noic acid; 7- [('4 but^il-benz^r Il- 
ls methanes utf onyl- amino]- heptanoic acid; 7-{[5-(1-tn/dro>^- he>o/p-thiophen■2- 
yh1e1hyl]■ methanesutfomyl-amrio]- heptanoic acid; (3-{[(4 but^fl-benzyp- 
methanes ulfonyl-amino> methyl]- phenyl> acetic acid; 7-{p-C3-Chloro-pher(yr>propyj- 
meth anes ulf onyl- arrino}- heptane ic acid; 7-{ |3-(3,5- D ic hloro- ph enyO- pr opy |- 
rrelhanesulf onyl- amino]- heptanoic acid; 5- C3-{P-(3-c hloro- phenyf)- propyl- 
20 methanes ulf onyl- arrino]- pro pyr)-1hiophene-2-carboxylic acid; 7-{[2-(3,5-dichloro- 
phenoxy)- ethyl- methanes ulf onyl- arrino]- heptane fc acid; 5-(3-{[2-C3.5-dichloro- 
phenoxy)- ethyl- methanes ulf onyl- arrino]- pro pyD-lhiophene-2-carboxylic acid; N-|2- 
(3.5- dichlor o- p henoxy)- ethy |]- N- [B-t 1 H- telr azol- 5-y p- h exy |]- metha nes u If ona rrid e; 
trsns- [3- C3 J5- dich lo ro- phe nyl)- allyl]- meithanes ulf o nyl- a mh o]- butoxy )- acetic a cid; 
25 trans- M- 13- (3 ^- dichlor o- phenyl> aHf |- H- 16- (1 H- telr azo ^f 1 5- yl> hexy |- 

meth anes ulf on arride; irsfTS-5- (3-{ E3-(3;5- dich b ro- phe nyj)- ally|]- methanes ulf o nyl- 
amrio]- propyD-thiDphene-2- carboKyic acid; irans^ [3-({|3-(3,5- dichlor d- phenyl)- al^|- 
methanesulfonyl-arrino]- methyl)- phenyQ- acetic acid; the prodrugs thereof, and the 
pharmaceuticaly acceptable salts of the compounds and prodrugs. 
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An especially preferred compound of Formula BB is 7- [(4 bui^l-benzyp- 
melhanes ulfonyl-amino}- heptanoic acid, a prodrug thereof, or a phdrrr^ceulicaly 
acceptable sat of the CDrnpound or prodrug. A preferred s alt is the rmnos odium 
salt 

5 Other s elective receptor agoriEfe i±^eful r the corrtiina-iion aspects of 

the presenft invention comprise the prostaglandin receptor ago nets dE closed in U.S. 
Pat. HQS. 6.531 .^135: 6.376.533; 6.1^.314; 5.877.211; 5.716.335 ; 5.69S.59S; and 
5. 462.963; U.S. Rjblished Pat. AppFn. No. 2002^1S7961; N. Duckvoorth. et al.. Journal 
of Bidocrinobgif. 172 (2). 263-269 (2002); K Tani. et al., Synlett 2. 239-2« (2002); 

10 K. Tani. et al.. B b org anic & Med c r al Ch emeii i,.-, ^0 (^J . 1 107- 1 1 14 (2002) ; K Tani. 
et al.. Bb org anic & Ms dicinal C henistry. JO (4). 1 093- 1 106 (2002); J. Mch elet et al. . 
EP1 175 S91 Al; K Tani. et al. Bioorganc Sc Medicinal Chemetry Letters. 11 ( 15). 
2025-2028 (2001); J. Y. Crider. et al.. Intern ationalJ our nal of &iviron mental Studies. 
58 (1). 35-46 (2000); J. Y. CrkJer. et al. Journal of Ocular Riarmacology and 

15 Therapeutics. ^7 (1). 35-46 (2001); D. F. Vi.i'.jodM.i ard, et al.. Journal of Ocular 
Pharmacology and Thierapeijtics , 11 (3), 447-54 (1995); A. T. Hab, et al., 
Cardk) vascular Drug Reviews. V\ (2). 165-79 (1993f); and D. F. Woodward, et al., 
Pros ta glandins . 45 (4). 371- S3 (1 993) . 

In the combination aspect of the rvention. the EP^ selective receptor 

20 agonists may be admriEtered to mammals at dosage levels ranging fromi about 0.001 
WQkg to about 100 mg/kg body mass per da*/. For a normal adult human hat/ing a 
body mass of about 70 kg, a dosage in the range of from about 0.01 mg/kg to about 
50 mg^g body mass is typi^^lly preferred, hovuever. some variabiity hthe general 
dosage range may be required depending upon the age and mass of the subject 

25 being treated, the intended route of a drrinistration, the particular oornpound being 
adrrinistered, and the Ihe. The deter rrination of cornbination dosage ranges and 
optrrtal dosages for a particular marrvnalian subject e uuHhin the abifty of one of 
ordinary skil h the art havng benefit of the instant disclos ure. 

Pharmaceutical compos itions suitable for parenteral injection may comprise 

30 pharmaceuticaly acceptable sterile aqueous or nonaqueous solutions, dispersions, 
suspensions, or emu t ions, and sterile pouuders for e<temporaneous reconstrtution 
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into sterile injectable solutions or dispersions. Bcarrpies of suitable aqueoLE and 
nonaqueous carriers , vehicles, and diluents nclude ater. elhanol, potjfols (s uch as 
propylene glycol, polyeihvlane g^^col. glycerol, and the l<e). su table matures 
thereof, vegetable oils (such as olive oil), and rjectable organic esters such as ettiyl 
5 oleate. Proper fluidity can be martained. for example, by the LEe of a coatrgs uch 
as lecithin, by the maintenance of the required particle size in the case of 
dE persions, and by the use of surf acta rrfe . 

The pharmaceutical compositions of the invention mujf further comprise 
adjuvant, such as preservrg, wetthg, emuL-ifyrg, and dispersrg agents. 

10 Prevention of microorganism contamination of the iretant compositions can be 
accompkhed vurth various antibacterHl and antifungal agents, for example, 
parabercs, chlorobutanol, phenol, s or bio acid, and the l<:e. ftmiay' ato be desirable to 
include isotonic agent, for example, sugars, so diumi chloride, and the Ike. Prolonged 
absorption o(f injectable pharmaceutical corrpositiore may be ef f ecte d by ttie use of 

15 agendas capable of delaying abtsorption, for ef<ample, aluminum monos tea rate and 
gelatri. 

Solid dosage forme for oral administration include capsules, tablets, 
powders, and granules. In such s olkJ dosage forme, the actr*/e compound is 
admt<ed iai Ih at least one inert conventional pharmaceutical eKcipient (or carrier) 

20 such as sodium citrate or dicalcium phosphate, or (a) fillers or eKtenders, as for 
example, starches, lactose, sucrose, mannitol, and silicic acid; (b) binders, as for 
example, carboKymelhylcelLbse. alginates, gelatin, polyvhylpyrrolidone, sucrose, 
and acacia: (c) humectants, as for e< ample, g^cerol; (d) dEhtegrat'ng agents, as 
for example, agar- agar, calcium carbonate, potato or tapioca starch, alghb acid 

25 certain complex siicates, and sodium carbonate; (e) solution retarders. as for 
example, paraffin; (f) absorption accelerators, as for example, quaternary 
arrvnonium corrpounds; (g) uuetthg agents, as for example, cetyl alcohol and 
g^cerol monoetearate; (h) adsorbents, as for e»<arTple, kaolh and bentonite; and/or 
(D lubricant, as for example, talc, calcium stearate, magnesium s tea rate, sold 

30 polyethylene glycot, sodium lauryl sulfate, or mbdures thereof. In the case of 
capsules and tablets, the dos age forms may further comprte buffering agents. 
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Solid compositiore of a similar type may also be employed as filers ins oft or 
hard filed gelatin oapsules using suoh e>i:oipients as lactose or mik sugar, as iaj ell 
as high molecular weight polyethylene glycols, and the Ike. 

Solid dos a ge f or ms s uo h as tab le^ , dr agees , ca ps ules , and gr anu les oan be 
5 prepared w ith coathgs and she Is, such as enteric coatings and others ifoel-know n 
to one of ordrary skil in the art. They may also corrpree opacifying agents, and can 
afeo be of such composition that they release ti-ie actki e comfiound(s|5 in a delayed, 
sustained, or controlled manner, feamples of errtedding compositions that can be 
employed are polymeric s uhstances and iai a-ies. Thie aclhre compound(s) can also 
10 be in micro- encapsulated form, if appropriate, liu rth one or more of the abO(fe- 
rreriftioned excpierte. 

Liquid dosage forme for oral adminL-tration include pharrriaceuticaly 
acceptable emulsions, solutiore, suspensions, syrupr.-, and elkrs. In addliontothe 
actiire compounds, the liquid dosage formimay contain inert diluents commonly used 
15 in the art, such as ijij ater or other soli/ents, solubifeing agents and emulsifiers, as 
for e<ample, ethyl alcohol, eoprop^fl alcohol ethyl carbonate, ethyl acetate, benzyl 
alcohol, benzyl benzoate, propylene gl-ycol, 1, 3- butylene glycol, dimethytf ormamide, 
ois, r partcular, cottonseed oi, groundnut oil corn germi oil, olive oil, castor oil and 
sesame seed oil glycerol, tetrahydrofurfuryl alcohol polyethylene glycols andfatV 
20 acid esters of sorbitan, or mi>dures of thes e substances, and the Ike. 

Besides such inert diluents, the pharmaceutical composition can also rclude 
adjuvant, such as uueiting agen'k, errulsifying and suspending agents, 
suueetening, flavoring, and perfumrg agent. 

Suspensions, in addition to the active corrpoundCs), may further comprise 
25 suspending agent, as for example, ethcxylated iscstearyl alcohols, 
polyoxy ethylene sorbitol and sorbitan esters, microcrvstallhe celulcse, aluminum 
meta hydroxide, bentonle, agar- a gar, and tragacanth, or mtdures of the 
aforementioned substances , and the Ike. 

CorrposHions for rectal or vaginal administraijon preferably comprise 
30 suppositories, uuhich can be prepared by m^ing an active compound(s) uvHti 
suitable non- irritating excipient or carriers such as cocoa butter, po^ ethylene 
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Q\fco\ or a suppcsiticiry w ax:, lAjhich are sold atordinary room temperature, but liquid 
at body temperature, and ttierefore, melt in ttie rectum or vaginal cavity ttieretjy 
releas rg ttie active component. 

Dosage forme for topical adminEtration mji,i- comprise ointments, powders, 
5 sprays and intialanfe . The active agenti^s) are adrrKed under sterie condition iaj rtti a 
ptiarmaceuticaly acceptable carrier, vehicle, or diluent and any presenralives, 
buffers, or propellants that may be required. 

A generally preferred composition for adrrintstering Ft)E2 inhibitors, r eluding 
the compounds of formula ([). as well as thie corrtilnatiore comprising PDE 2 

10 inhbtors and EF^ selective receptor agonists In ihie treatment of bone fractures, 
comprfees an rjsctable, fbwable compos tion that prwides sustained release at a 
local site of injection by forming a biodegradable solid or gel depot, miatrK, or implant. 
An example of such an administration system corrprEes a slow-release, 
biodegradable polymer- based delivery systemL See, for example, U.S. Pubished Pat. 

15 AppFn. No. 2003-0104031 A1. 

Such a poljf mer- bas ed delivery s-^fstem general/ corrp rises a therapeuticaly 
useful agenti;s), dEsoh/ed or dispersed in a flwvabfe, biodegradable, thermoplastic 
poh,fmer solute n or dispersion in an organic sotvent. Upon injection of the 
compos lion, the organic sokienrt diffuses 3ai3i/ from the injection site, caushgthe 

20 polymer to precipitate or gel thereby entrapprg ttie a gent(s) in a s ustained- release 
depot. The agenfKlslJ is subsequently released by diffusion fro mi and erosion of, the 
polymeric matrk. The matrk slowly erodes by hydrolysE and eventual^ disappears 
from the site of adrrtiElratlon. The rmlecular weight and concentration of the 
polymer can control f\sin wvo release of the agents) as well as the degradation 

25 rate of the matrix. 

The po^mer- based delivery system provides sustained release of an active 
agent(s) in wud for a sustained period of true with minimum or reduced burst h a 
p atie nt in n eed ther eof . A lar ge bu rst of age nt(s) w ou Id r es u t h po or loca I toleration 
due to bcal effect (e-9-> irritation) and would mrnize the amount of agenl^s) 

30 available for efficacy. The advantage ths administration method offers e that it 
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minirrizes or reduces Ihe initial burst but sill deikrers the agenl^s) at efficacious 
leiirels f or s ustained periods of lime upon asrgle local injeoiiDn. 

The po^f merle system e prepared by contacting the flow able composition 
lAj ithi a gelation medium to coagulate or gel ttie composition into as olid, microporous 
5 polymeric miatriK:, or a gel polymeric matrrj;. The fioouable composition contahs a 
thermoplastic polymer or copolymer in combination w ith a suitable sokrent. The 
polymers or copolymers, whch form the body of the mafrc<, are substantia ly 
insoluble, preferably essentially completely insolubfe, h u-uater and boditjf fluids. The 
insolubiliy of the miatrix body enables it to function ^ a single site for tiie controlled 

10 release of the agenl(sX The polymers or copoh,imers are afeo biocompatible and 
biodegradable and/or bioerodible uurthin the body of an anirral, e.g., mianrnal. The 
biodegradation enables the patient to mietabolize and excrete the potji-meric miatrK 
such that there e no ne ed for s urg c al r enwa I B ecaus e tiie f a ble compos ition 
and polymer system are biocompatible, the insertion process and the presence of 

15 the polymer s ystem um rlti r itie body do not cause s utetantial tissue irritation or 
n ecr OS is at the imp la nt s ite. Thi e compos rtion of the pr es e nt \me ntc n is ad miri e ter ed 
as aflotfijable corrpos ition directly rto bodi^^- tEsues. 

Suitable thermoplastic po^/mers for incorporation into the solid miatrk of the 
conrtro led- release system a re so ids . pha rmac eutic al^r compatible and biodegradable 

20 by celular action and/or tjy the action of bodiy fluids. B<amples of appropriate 
thermoplastic polymers include polyesters of diols and dicarboxyic acids or of 
hydrcKycarbcKylic acids, such as potylactides , po^glycolides, and copolymers 
thereof. More preferab^ the po^mer cornprEes the copo^mer. po ^-lactic- co- 
g^cclic acid (abbreviated PLGhO uuhich, upon hydrolysis, produces lactic and 

25 g^ colic acid. The burst of release of this ccpolymer can be rrinirnced further by the 
addition of potyettry le ne glycol (PES) to formthe PEG end- capped PLGH. 

Referred materials cornprEe pc^lactides. polyg^colides. and copolymers 
thereof. These polymers can be used to advantage in the polymer system in part 
because they shouu e<cellent biocompatblHy. They produce little, if any, tesue 

30 irritation, inflarTmation, necrosis, or toxicity. In the presence of uuater,the polymers 
produce lactic and glycolic acid, respectively, uuhich are readily metabolized. The 
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potylactides can also rcorporate glifcoide monomer to enhance the resulting 
potymeric degradation. These potymers are ab o preferred because Ihey effectively 
controittie rate of release of agent^s) fromtiie polymer icsysten% and because they 
resut r the local retention of the agenti^sl) at the site of the site of adnintstrafion. 
5 The s olubilty or rriscibility of a the rrrop lastic polymer in the organics okent of 

the composition w\l vary according to factors such as crystallinity , hydrophiicity, 
capaciy for hydrogen bonding, and tiie rrolecular mm eight of the polymer. 
Consequentiy. the nyjlecular weight and the concentration of the polymer in the 
solverrt are adjusted to achieve des ir ed rriE cibiity, as uu ell as a desired release rate 

10 f or the inco rpo rated ag errti^s) . 

The fbMvable composition of the rrrcp lastic po^j-rrier, sohfent andti^e agen1(s) 
comprEes a stable f bMvable s ubstance. A horrogenous s olution of the agent(s) in 
an organc solvent preferab^f resulfe. T>-ie ihermoplastic: polymer e substantialy 
soluble r the organic solvent Upon placement of the flotrMable corrpostion into the 

15 body, the sokerrt dssipates and the pot^fmer soldifies or gels toformthe po^meric 
system having the agent^s) within as olid or gel potyrreric matrix. 

For certain preferred poli^mers, the molecular weighrt of the pol^fmer or 
copolymer is adjusted to be within a range of about 02 to aboijt 0.4 inherent 
VECOsity (I.V. in decillers/g) for effective sustained release of the bone growth 

20 prorroting compound. The type al rate of release of the incorporated agenit(s) occurs 
at an I.V. of about 0.2 (about 8,000 to about 16.000 molecular weight) or about03 
(about 23,000 to about 46,000 molecular weight), can vary depend hg on the 
particular cornponents of thecornposlion. For mostsysterns. it is preferred to adjust 
the molecular weight of the po^mer to about 0.2 I.V. for an effectire sustained 

25 r eleas e of the agenl^s) . 

For a poly(DL- laotide) or a lactide- co- gtycolide polymer system the desred 
molecular weight range e about 0.2 to about 0.4 1. V., with an LV. of about 0.2 being 
preferred. The molecular weight of a polymer can be modified by conventional 
methods. 

30 B p ecially p ref er red , corme rcially ava lab le ther moplas tic polyme rs comp ris e 

the fo lowing: FLGH copolymer wth 1:1 ratio of lactic and g^ colic acid with an 
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inherentvECDsity of about 0.2 dl^gCcommerciallif available from Boehringer Ingelhern 
as Copotymer RESOIUER^ RG 502 H) (about 12J000 molecular weight;]; FLOH 
copolymer irtjith 1:1 ratio of lactic and gtycoic acid with an inherent vis cos iy of 
about 0.3 dKg (commercially available from Boehringer Ingelheim as Copo^fmer 
5 RESOIVB^ RO 503 Ki; about 37.000 rToiecuiar w e g ht); FLGH copotymer w ith 1 :1 
ratio of lactic and g^i colic acid vuith an rherent VECosity of about 0.4 dl/g 
Ccommercially available from Boehringer hgelheimi^ Copok/mer RES □t(yB^ RO 504 
H) (about 47.000 rToiecular weight): and poty ethylene gt^icol (FB3>') end- capped 
PLGH copo^fmer w th 1:1 rate of lactic and gfycoii:: acid with an inherent viscosity 

10 of about 0.79 dKg (co mmerc ia ly available from Boehringer Ingelheim as PLO-PB>) 
(aboutS2j000 rrolecular weigh^. 

The solvent employed in the 1h errrio plastic compccitiorcs are preferabty 
pharmaceuticaly acceptable, be compatible, and mxi ill diss p ate into bodiif iiiid in sikj 
such that they may be classed as having asolubilt,' in water ranging from highly 

15 soluble to insoluble. Preferab^f. 1i-iefj|- cai^ e relatmet^f ittle. if any. tksue irriation or 
necrosis at the site of the injeclion and innplarttation, FTeferab^', Ifi e s ohr ent w il have 
at least a minimal degree of water solubitty. When the organic sokerrt is water- 
insoluble or E minimally s oluble h water, the solvent w ill slow ly dE perse from the 
flow able polymeric compos lion. The res utt w il be an inplantthat. during the course 

20 of is life, may contain vary hg amounts of residual solvent Preferably, the organic 
solvent has a moderate to high degree of water solubilty so that t willfaciely 
dE perse from the po^meric conposHion into bodiy fluids. Most preferably, the 
sohrerrt d'sperses rapidly from the polymeric composition so as to quickly forma 
solid irrplant. Concorntarrt vuith the dispersion of solverrt, the thermoplastic po^mer 

25 coagulates or gels hto the solid polymeric system Pteferab^, as the thermoplastic 
polymer coagulates, the solvent dEpersion causes pore forrnation wthin the 
polymer system As a res ut. the flow able composition containing thermoplastic 
polymer, solvent and age nt([s) will form a porous sold po^mer system Also, when 
the solvent is slightly water-soluble, or is water-ins oluble, the solvent dispersion 

30 may resut h the formation of a solid porous implant, or if some solvent remains wHh 
the implant, the result may be formation of a gel inplant having few or no pores. 
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Suitable sokrents include ttiose liquid organic compounds meeting the 
foregoing criteria. A generaltif preferred solvent comprises N- methrirl-2-pirrr olid one 
(NlWf^. 

The sokenfe for ttie ttierrToplastic poVn^er flow able oonpositiore are 
5 chosen for corripatibiHy and appropriate soluhiliti,!- of ihie potj^mer andsohrent Lower 
molecular weight thermoplastic polvn-ers lAiill norn-i3lh,i- dfesohre more readljf in the 
solvents than high molecular weight po 1/ mers . Aj: arsul. the concentration of a 
thermoplastic potvmer dissolved in the various sofuents dJfers dependrg upon type 
of polymer and is rrolecular weigtit. Converseh/, the higher molecular weight 

10 thermoplastic polymers w il tend to coagulate, gel or solidify f^ter than the very low 
n»lscular weight therrroplastic polyripers. futireover, the higher molecular weight 
polyn^rs tend to give higher s option viscosrtie.- frian the lotAi molecular weight 
materials. Thus, for advantageous rjedion efficiency, in add lion to advantageous 
release rate, the rrolecular weighrt and the concentration of the polymer in the 

15 s olvent are controlled. 

Upon formation of the polyrrper system from ihie flo"Aiable compos lion, the 
agent(£) becomes incorporated into the pch/n-Kib matrk. After insertion of the 
flow able composition to form the poh,imerii;: system, the agenli^s) is releasedf romthe 
matrrK: into the adjacent tiss ues or fluids by diffusion and degradation mechanE me. 

20 Manipulation of these mechanE me ab o can influence release of tJ-ie agent(s) into the 
surroundings at a conrtroled rate. For e>; ample, the pol^fmeric maliK can be 
formulated to degrade after an effective and/or s ubetantal amount of the agent(s) is 
releas ed fromltie malrK. Thus, releas e of the agenlCs) f romthe rnatrbt can be varied 
by, for exarrple, thesolubilly of the agenl^s) in water, the distribution of the bone 

25 growth- promoting compound withh the matrix, or the size, shape, porosity, 
solubilly, and biodegradability of the po^mer matrix, among other factors. The 
release of the agent(s) from the rnatrb< is controlled relative to it inherent rate by 
varyhg the polymer molecular weight to provide a desired duration and rate of 
releas e. 

30 For ef<amp le , a prefer re d dos a ge for m of the agen1(s) co mpris es a lyo phile to 

be reconstituted wHh a solution of FLGH in NlyyP before administralion. The dosage 
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form consBling of tie l)^ophiized compound in one syringe (syrhge A) and a 
solution of PLOH in NIUP in a second syringe (syringe B). e l<nouun as the NB 
recoretitijtion system The content of bothsyrhges are ni<ed together immediatetv 
prior to dose delivery at or near site. After recons-tltution, the contents are 
5 transferred into a graduated dosing syrhge for deli^ersf. The adnriEtered dosage 
forme w ill be a solution and iaj il resul h the dispersion of the compound w ih FLOH 
in HlyyP at desired strengths of , for example, 5 and 93 mgA/mJ^mgA/mJ refers to the 
free acid equivalent of the sodium salt form of the agenHs)^ The dosage form e a 
parenteral (e.g., subcutaneous, intramuscular, or hirarredullar^O s ustained- release 

10 injection for bcal adnxiEtratcm. This compound in a slaio-releas e potjfmer matrK 
(depot injection^ is designed for administration at or near a site, and is not rtended 
for intravenous administration. To provide adequate she J- life stab iitjf for the dosage 
form a o-syringe system (AjB), as described above, m^f be used, preferably 
vu rth the s od iu m s a I f or m of the c ompou nd. A uniph a; e f ormu btion, prefer ably w ilh 

15 the free acid form of the compound, is a preferred alternative for rrulation. Based on 
the agerit(s) and polymer stabirty, sterie filtration of the agerit(s) and irradiation of 
the po^^'mer solution rra^t be preferred for manufacturing a stable sterile product In 
one embod rne nt, the dosage form can be manufactured and shpped as separate 
a lumrum pouches containing syringes filed wrththe lyophie form of the agent(s) in 

20 one pouch and the polymer solution r the other pouch. Delivery containers, 
systems, and methods for the tyophiization of bone grouuth promothg corrpounds 
are described in published PC T International Patent Appication Public ation No. WD 
01/73363. Other methods of adrrinistratjon include local a drrinistration bif injectbnto 
a particular site or delivery by a catheter to a site. Additional examples can be found 

25 in U.S. Provisional Application No. 60^335.156. filed November 30. 2001. 

The teach hgs of a I U.S. Pat Nos. disclosed herein are incorporated by 
reference in their entirety. 

The compounds of formjia (J), the prodrugs thereof, and the 
pharmaceuticaly acceptable safe of the compounds and prodrugs, may be 

30 prepared according to the e<emplary synthetic routes ds closed in the Schemes and 
B<amples hereinbelouu , as uuell as by other conventional organic preparative 
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melhods knouun, or apparent in ightof the instant disclosure, to one of ordinary sl<ill 
in the relevant art The methods disclosed in the instant Schemes are intended for 
purposes of e<empllfying the hstant irwenticn and are not to be construed in any 
manner as imitations thereon. 
5 Scheme 1 




In Scheme 1. Step 1. 2.4dbhlurM-py ridi:i[:i,:^ iflpyrirridine (K/) is reacted with 
an ap pro priateh/- substituted benEylan-rie (V) in friH presence of a Iri-substtuted 
amre base, such as triethfiiiarTiine (TEA) or diL-oprijpyfet-iyian-ine (DIPEA), or an 

10 arorriatio base, such as pyridine. The reactcin e typioah,' effected r a polar 
alcoholic solvent; such as methanol (IVteOK), ethanoh: BOH), or e opropanol(IRA), at 
a temperature ranging from about O' C to about 100" C. Preferably, the reaction is 
effected in the presence of DIFEAin ethanolat about roomi temperature (RT)- h Step 
2, the resultrg condensation product (Vp is then reacted wHh an appropriately- 

15 s ubstituted amrie (VIp in the pres ence of a trr substituted amine bas e, such as TEA 
or DIFEA, or an aromatic base, such as pyridine, to afford compound (p. The 
reaction is typically effected in a polar aprolic sokent, such as H,N- 
dmethylformamide (DIVF). dimethyls u If oxide (Dh>1SP), N- methylpyrroidinone, or 
sulfolane, at an elevated temperature ranging from about 60 C to about 250 C. 

20 Preferably, the reaction is effected in the presence of DIPEA in DMSO at behween 
a bout 90" C to about 120" C. 
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AHhough Scheme 1 has been depicted as a discreet, two-step process in 
w hich Intermediate (VF) is e dated and then reacted m ith anine (Vf). it has ak o been 
f oun d conw enienrt to pr epa re and r eact (f-/) in siij m ifri arrine ( Vf) in a s ingle- step. In 
such process, an aprotio solvent, preferably DMSO. is ernployed. This reaction is 
5 at 0 effected In the presence cf DIPB^ in DMSO at a ternperature cf betiAjeen about 
90" C to a bout 12D" C. 

PR B^RA WE EXPffillyeJTAL 
Unless noted otherwise, al reagents errployed uoere obtained oonmerciallif. 
Unless noted ctheriroise. the following experimental abbreviations have the 
rreanlngs Indcated: 

AcOH - acetic acid 
dec - decomposition 
DlyjWP- 4- dimethylaminopyridine 
QQAc- ethyl acetate 
hr - hounds) 

LAH - llhlum aluminum hydride 
min -rTiinute(s) 
MS - mass spectrometry 
NtVl^ - nuclear magnetic resonance 
THF - tetrahy dr of u ran 
p-TsOH-p-toluenesutfonic acid 

FrepardliQn 1 

25 (2- Chlcro-pvrldor2,3- d|pvrniidlrh4-vr>i:'3,5- dirrethcKV- be nzvri- amine 

To a strred s olution of 2,4 dlchbro- pyrido[2,S-d]p^f rimidlne (13 9. 6.7 mmor) 
and 35-dlrTietho>;ybenizylamine (1.1 g, 6.7 nrml) r 30 mL HOH at RTi^yas added 
TEA. (4 rri, 23 .7 rrrTpol). A pr eclprtate f or rred that w s f lite red of f an d i^u as hed w ith 
cold EtOH f 0 low ed by hexanes to give 1 .3 g of the title c ompou nd [B2 %) as as olid. 

30 r^j 135^ Cdec). ^H-NlyyR (DMSO-(y 5: 95 (t. 1H). Sfl (dd. 1 H). S.7 (dd. 1 H). 75 (m 
1 H). 65 ( d. 2 H). 6 .4 (t 1 H). 4.6 ( d. 2 H). 3.7 (s . 6 H). MS ( riYt . %): 331 (100). 
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Preparation 2 

i.2.- ChlQro-pvridor2,3- dlpvrrTiidii>4v[>i:'3,4 dirrethcKV- be nzYf)- amine 
This compound iryas prepared in a mianner analogous to friat described in 
Preparation 1 using appropriate starting materials. ^H- HMR (DMSO- <^ 5: 9.5 (t. 11-0. 
5 SB Cdd. 1H). S.7Cdd. 1H).7£iCs. 6.9 (d. 2H). 4.6 (d. 2H). 3.7 (s. 3K) 3.7 (s . 3K). 
|yyBi;mfe.%): 331 C10GD. 
Preparation 3 

2-i;4 Amri omethirl- p heny D- p rop an- 2- o I 
To a strred s olution of 4(1- hvdroK)f-1- methyl- etiiyr> benzonifrile (2.0 g. 12.4 

10 mmoD in 30 mL THF at 0'^ was added dropuuise 1.0 N LAH r THF (26 mi, 26.1 
rTTTB!). The rnktureiruas allowed towarmto RT, and then refluxed for 20 mri. The 
mkture was then cooled to 0'^ and quenched with 5 rrL MeOH added dropwfee. 
The mtdure was diluted with 300 mL ohloroformi and Mo^hed with water (IX 
SOmLJ, dried over mag nes ium s ulf ate , and concent- ated to gi-ue 1.9 g (95%) of the 

15 titie compound ^ a solid. ^ H- H hJR ( CDCy 6: 7.45 (d, 2K:i, 7.26 (d. 2H), 3.83 (s . 2H). 
1j57(s,6H). GtlyytS(rTye. %): 164(f.yr, 15), 150 (iEO), 132(751. 106(1000. 
Preparation 4 

3-(4Acetvl-phenvri-pr opion tr ie 
A mkture of 4 (2- br omoethyl) ^cetop heno ne (2.0 g. 8.8 mmoF) and KCN (06 
20 g. S.8 mmop in 30 mL DtWtSO was heated at 75^C for 4 hr. The mkturewas diuted 
uuith water and extracted with BQA.C. The organic edract was washed 
successively with water and brhe, dried, and concentrated to give an oil. 
Chromatographiy on silica gel eluting w th 4D% BOAc/hexanes gave 0.8 g of an oil. 
^H-HIUR(CDaOD)S: 7fl (d. 2K). 74(d. 2H). 33 (t 2H). 2S(t 2K).2.6(s. 3H). GtMS 
25 (nye. %): 173 (luf. 20). 158(1 OOf). 
Preparation 5 

3- [4 (1 - Hvd roK V- 1 - mefthv \ ethvfr phe rwll- pr opion trile 
To a stirred solution of 3 M methyl magnesium chloride in THF (33 mL 9S 
rrtToj), further diluted wHh 10 rrL THF, was added drop wise a solution of 3-(4 
30 acetyl-phenyD-propionilrie (0.7 g, 3.9 mmoj) in 10 rrL THF at -43^. The reaction 
mature was alow ed to s lowly w arm to RT overnight, cooled to 0^. then quenched 
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uuith aqueous AcOH added dropuuise. The reactbn rrtdure uuas d luted vu ith iaj ater 

and extracted v»ih BOAc. The organic e>dract uuas washed successive^f wjith 
m ater and brine, dried, and concentrated to give 0.8 g of an oil. ^H-NIWF (CCyOD) 5: 
7.4 Cd. 2H). 7.2 (d. 2hf). 23 (t 2K). 2.7 (t. 2K). 1.5 (s . SH). MSCrT^e. %): 189 (ivf. 
5 5). 174C10CD. 
Preparation 6 

2- r4- [^-Amino- pr omD- oh envQ- pr opa n-2- ol 
To a str red solution of IMLAHin THF. further d luted mm Hh 20 T>l F. at (^t 
was added dropwEe a solution of :3- pl-(1-hydrcKy- 1- mettrjfl-elhif p- 

10 phenirlpropiontrile (D.S g, 4.0 mmoD in 10 mL THF. The reaction was allowed to 
s bw ly w arm to RT then r ef lu^; ed f or 4 hr . The r eaction rrtdu re w as then coo le d to 
0^ and quenched lAJ th MsOH added sld/u 1/ dropwEe. The rrcdurewas diutedwHh 
chloroform and washed with water. Tt-ie organic extract w as filtered through 
diatomaceous earth, the filtrate concentrated then diluted with ethyl acetate, dried, 

15 and concentrated to gii^e 05 g of an oil. ^ H- Hlvl^ ( CDyOD) 6: 7 .4 ( d, 2H) . 7. 1 (d.2H). 
2J6(;m4K), 1.7 (rti 2K), 1.50, 6H). I^Crrfe, %): 194(^+1, 10J), 176(910. 
Preparation? 

3- F^-t'2- ^fethvl■ ri ,3|d ioxolan- 2- v[> phenyl]- pr opionitrile 
A mkture of 3-i;4 acetyl- phenyOpropionirle (22 g, 13 mmorj, ethylene glycol 

20 (2.8 rriL. 51 mmorj, and a cala^ftic amount of p-TsOH (~200 mg) in 100 mL toluene 
was reflux:ed over a Dearv Stark trap for 18 hr. The mixture was diluted wHh EtOAc 
and washed successively with 5% sodium bicarbonate solution, water and brhe, 
dried (MgSOJ. and concentiated to give an oil. Chromatography on silica gel e luting 
with EtOAc/hexane solution gave 2 j5 g of an oil. ''H-NIUFt (CDCy 5: 7.4Cd.2H).72 

25 (d. 2H). 4D (m 2H). 3.S (m 2H). 2fl (t 2K). 2.6 (t. 2K). 1.6 (s. 3H). MS (nye. %): 216 
(lur-1.1). 2GG (100). 
Preparations 

3- ¥\-(2- Mettw ^^ .31 dioKO la r>2- vD- ph envil- pr opv la mr e 
To a strred s olution of 3-[4(2- methyl- [1,31] di(»<o la n-2-yD-phenyq- prop bnitrie 
30 (2.4 g, 11 rmoj) h 30 mL THF was added dropwise a solution of 1M LAH h THF. 
The mkture was allowed to warm to RTihen refilled for 1 hr. The mcdure was 
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c Doled toO^ Ihen quenched uuith MeOH added dropiAJEe. The mixtureiAjas d luted 
uurth chbroform and ashed m'Hh voabtt. The resuting suspension was filtered 
through diatomaceous earth and the titrate layers s eparated. The organic eKtract 
was dried over lyylgSO+and concentrated to grue 2.4 g of an oil ''H- NHyR (CDCy) 5: 
5 7.4Cm2H).7.1 Cd.2H).4.0Cm2l^. 35 (rrt 2H:i, 2.7 (rn 2H). 2.6 Cm 2K). 1 7 (m 2K). 
1 JS Cs, 3H). MS CnVe. %): 221Cfyjf . 10D. 206 (eCO, 139 (IQQ). 
Preparation 9 

2,2.2- Trif lu ore- 1- (4- iodo- ph enyO- etha no! 
To a strred s olution of 4-iodobenzaldehyde i::2.i:i g, S.6 rmpoF) h 20 rrL THF at 
10 RTuyas added 05 M solution of tr imethvl(trrf lu ore rreth^f l> Ian e in THF (19 nl, 95 
mmo!) follow ed tiy tetrabutvlamfronium fluoride (112 rrg, 0.4 nrnoF). The nx^ture w as 
stirred at RT overnight, poured inrto 0.1 H hvdrochioric acid, and e^draoted iaj Hh 
EtQAc. The organc extract was in turn washed iim rthi iim ater and brine, dried 
(h^SOJ, and concentrated to give 2j6 g of an oil ^H- NIWR (CDC^) 5: 7.7 (d. 2H). 72 
15 Cd,2H:i, 5D Cm 1H),2.7Cd. 1H). lUG CrrVe. %):3Q2Clyf. 100). 233 C 100). 
Preparation 10 

2-13- [4 C2 2,2- Trriuoro-l-hri/droyy- ethvD- phenylT- prop-2-vrf'/[|- isoindob-1.5- dione 
To a stirred suspension of 2,2,2- tr if luor ■> 1-C4 iodo- phenyr> efrianol C2.6 g, 
35 mmo!.), N- proparg^dphthaimide g, 3.5 n-mol.), 

20 d ichlorobtsCtrpheny^jhosphine) palladium C298 mg. 0.43 mn-iol.) and copper CD iodide 
CS2 mg, 0.43 mmorj h 20 rriL THF at RT mas added 5 ml lEA. The mixture was 
deaerated briefly under a stream of nitrogen and then refli£<edfor 6hr. The rrtdure 
was diluted uuith chloroform washed with water, dried over MgSO,. and 
concentrated to gire a sold. Thesofdwas ti' itu rated witti BQActo afford 2.2 g of a 

25 s olid. ^H- NIUFt CCDC^ 5: 73 Cm 2K). 7.7 Cm 2H). 7.5Cd. 2K). 74Cd. 2H). 5D Cm 1H). 
4.7 Cs. 2H). MS CnVe. %): 359 Cluf . 100). 
Preparation 11 

2-f3- Fi^-(222-trilfuQrQ- 1- hydroKV-ethyn-phenivl]- propyl!- e oindole- 1.3. dione 
A mixture of 2-{3- p-C222-trifluoro- 1- hydroxy- ethyp- phenyl- prop-2-ynyJ- 
30 is oh dole- 1,3- dione C2.2 g, 6.1 rrml) and 10% Pd/C C220 mg) h 150 mL BOH and 
150 mL THF was s h^en under 50 psi hydrogen at RT in a Parr apparatus for 2 hr. 
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An additional 220 mg of 10% Pd/C m as added and tie rrvdure sh^en under SO pe 1 
hydrogen at RTfor an additional 2 tir. An additional 220 mg of 10% PdCwas ttien 
added and ttie mkture shiien under 50 psi tiydrogen at RT 0(rernight The mcdure 
w as f Itered throughi diatomaceous earth and ttie fiiiiate concentrated to give an oil. 
5 C tiro mato gra ptiy on siica gel elutrg iru itti BQA.G'tieKanes afforded 1 B g of an oil. 
^H- HIWFlCCDCy 6: 7B Cm 2H). 7.7 (m 2H). 73 (d. 2K). 72 (d. 2H). 4j9 (rn ^H). 3.7 (t. 
2K). 2.7 Ct. 2K). 2.0 Cm 2H). MS Crrye. %): 363 Cluf . 15[). 3« (35). 325 (SJ). 161 
(100). 

Preparation 12 

10 1-r4C3-Amino-propvri-pti err^^ n-2.2.2- 1r if luor o- eih anol 

To a stirred susperecn of 2-{3- f1-C222-trrfluoro- 1- hfydrcwy-etlTjip-pherf/j- 
propyll- e oindole- 1,3- dione CI S g, 5j0 rnfTCil.) in S3 rrL MeOH at RT lAjas added 
tiydrazine hydrate CO.'* mJ, 15 D rnfror). Tl-ie r7^^du^e mli as s tir red at RTfor IS hr. The 
r eaction mkture w as f iltere d a nd the f Itrate co ncenti ated to gk's anol. The oil ifo as 

15 trturated i^Mith chloroform filtered, and the filtrate concentrated to giife ID g of an 
oi. ^H-Nh.*^ (CDChO S: 73 Cd. 2K). 7.2 Cd. 2K). 50 Cm 1K).2.6Cm2K).25Cm2K). 
1 .6 C m 2H) . MS (n-Ze, %) : 363 C Ivf . 1O0 . 216 C lOOT) . 
Preparation 13 

Trifluoro- methanes ulfonic acid benzofl 2.51 axadiazol-5-v I ester 
20 To a strred s oluticn of S-hydrcxybenzcf urazan (I.Sg, 13.0 mrriol), TE^VC2.4 

mL, 33.0 mmor) and DHAP C79 mg, 7.0 mmoO in 4D rrL dichlor cmethan e at -78^0 v» as 

added dropuutse a solution of tr if luor omethanes ulfonic anhydride C2.8 rrL, 17.0 rrvnoO 

in 10 mL dichlor omethane. The mktureuu as allouu e d to slowly warm to RT over 3 hr. 

diuted uuth dchloro methane, and tnjashed vulh water. The organb extract was 
25 dried and concentrated to give an oil Chromatography on siica gel eluting with 

dbhloro methane afforded 3.1 g of an oil. ^H-NluR CCDC!^ 5:8D Cdd. 1H). 7.8 Cdd. 

IK). 73 Cdd. 1K). MSCrrfe. %): 268Clur.60). 14B(lBGr). eOCIOGf). 

Preparation 14 

2- CBenzo[1 ■2.5|oxadiaz ol-S yl- p rop-2- yny |1- is o h dole- 1 .3- d io ne 
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Thts compound was prepared h a manner analogoLE to ttiat in Preparation 

10 using appropriate siartrg materials. ''H-NIwF (CDCy 5: 82 (s. IK). 8.0 (dd, 
7flCm2H).7.8Cm 2H). 7.5 (dd. 2H). 4.7(5. 2H). MSCrrfe. %): 308(lwf. 100f). 
Preparation 15 

5 2- O BenE o[1 2 ^lox adiazo ^ 5- yh pr w D- e o ii dole- 1 .3.d if ne 

This compound was prepared h a manner analogous to tiiat in Preparation 

11 using appropriate starting materials. ''H-HIvR (CDC\^ 5: 73 (m 21-0. 7.7 (m SH). 
7JS Cs. 1h0.7.2Cm IK). 3.8 (t. 3K).2.8(t. 2K). 2.1 (m 2K). MS (rrye. %): 307 (ivf. 
40D. 290(300.272(200, 160(100). 

10 Preparation 16 

3- Be riEori .2.5] oxad iazol-5-vl- pro pvlamine 
This compound was prepared h a manner analogoLE to tiiat in Preparation 

1 2 us ing app rop riate starting materials . ''l-i- HIWR (DMSO- d^:5 7.9 (m 2 K), 7 .7 ( m 1 K" . 
75 (m 1H). 2.7 (m 2h^i. 2j5 (m 2H). 1.7 (m 2H). MS (rrye. %): 177 (Hyf. 40). 

15 160(100), 

Preparation 17 

Tr if iuoro- methanes ulfonic acid benzolfiiazol-e-vi ester 
This compound mas^ prepared in manner analogous to that h Reparation 13 
using appropriate starting material. ^H- NHjF (CDCb) 6: 9.1 (s , 1K).S.2Cd. IK). 7J9 
20 (d, Ihf), 7.4(dd. 1H). twG(rTye. %): 283 (twf , 80), ISO (100). 
Freparalion IS 

2-f3- BenzottiiazQl-6-vl- DrQP-2-vnvn- e oindole- 1.3- dione 
This conpound uuas prepared h a manner analogous to that in Preparation 

10 substituting trifluoro-melhanesulfonc acid benzothiazDl-6-yl ester (Preparation 
25 17) for222-trifluoro-1-C4iodo-phenif[>ethanol ^H-HluR (ds DMSO) S: 94 (s. 1H). 

S3Cd. IK). 8.0 (d. 2H). 7J9Cm IK). 7.8 (m 2H). 7.5 (dd. 1K).4.6Cs. 2H). MSCnVe. 
%):318(lur. 1OO0. 
Preparation 19 

2- r3- Benzathiazo ^ 6- yl- pr opy |1- is o h dole- 1 3- dion e 
30 This compound was prepared h a manner analogous to that in Preparation 

1 1 s u bstituting 2-(3- benz othiazol- 6-y I pr op- 2-y ryl)- is oindo le- 1 ,3- dione (Prep aration 
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I g) for 2- {3- p-C2,22-trif lu o\o- ^-h>f^i roxy- efriy p- p herfjr |- pro p-2-y nyl}- e oindole- 1 .3- 
d io ne CPrep araiion 10). ^ H- H IWR ( CDCyj 5: 8.9 (s . 1 H) . 8.0 (d . 1 K) . 7.8 (m 2 H). 7.7 ( m 
2K). 73 Cdd. 1H). 3.8 (t. 2K). 2.8 (t. 2H). 2.1 (ru 2H). MS (rrye. %): 322 (luf. 80f). 174 
(40) . 162 C100D. 

5 Preparation 20 

3- B entzofriiaz 0I-& yl- p ropylamine 
This oompound iruas prepared h a manner anabgoLE to ihat in Preparation 
12 subettuting 2-C3-beritzo-thiazol-6-yl-propyr> e oindole- 1,3- dione (Reparation 2O0 
for 2- {3- fl-i;2,22-trrf L oro- 1- hy d roxy- ethy [)- p heny |- pro pvH- is oindo le- 1 ,3- dione 
10 (Preparation 11). NGCrrye. %): 192 (h/. 20). 175(100r). 
Preparation 21 

2-(3- lod 0- p heny 6-2- rrisithv ^ H ,31diox olane 
A mkture of 3- cdoacetophenone (3.0 g, 12 rrmof.i, etiiylene g^i-ool(2.7 mL, 
4S mmoD, andp-toluenesulfonio ac:id(30 rrg) r 50 itL toluene uy as refkjxed under a 

15 Dean- Stark tap for 18 hr. The mixture ifoas diluted uy ith SQAc and washed 
success rvef/ lAirth 5% sodium bicarbonate sijliition, uyater, and brhe, dried wer 
MgSOt, and concerrtrated i» gixie an oil. Chromatography on silica gel e lijiing w itfi 
BDAc/hexanes gave 3.1 g of an oil ^H- NIvR (CDCji) 6: 75 (m IK). 7.6 (dd. 1H). 7.4 
(dd, W). 70 (m 1H).4.0(m2H).3.7(m2K)lJB(s.3H). MS(rTye. %): 290 (luf. 20). 

20 275(100). 
Freparj1ion22 

2- {3- 13- (2- tiMhi/V f 1 .31 dioKO la n-2-vD- ph erwll- pr op- 2- vnvl}- is oind oie- 1 3- dion e 
This conpound was prepared h a rnanner anajogous to tiiat in Preparation 
10 substituting 2-C3-iodD-pheriiyO-2-rTiethyl-[1.3!]dioixDlane (Preparation 21) for 2.2.2- 
25 tr t luor o- 1 -(4- iod o- p heny p- etiia nol. ^ H- NIUFt ( CDCy 5 : 7.9 (rr^ 2H). 7.7 ( rr^ 2H). 7 5 (s . 
1H). 74(rT\ IK). 7.3 (rrxlH). 72 (m 1H).4.7(s.2H).4.0 (rr^ 2H). 3.7(rT\ 2H). 1 JB (s. 
6 K). MS ( nVe . %): 347 (luf . 15). 332 (lOOT). 
Preparation 23 

2-{3. p. f^. Mgthy t [1 3]dioK olarv 2-y p- p heny |- pro py|}- is oindo b- 1 3- dione 
30 This cornpound uuas prepared h a manner analogous to tiiat in Preparation 

II substluting 2-{3-[3-C2- methyl- [1,31] dioKO la n-2-yD-phenyO- prop- 2- ynyl}- is oindole- 



1 3- dion e C FT epar atio n 2Z) f or 2- {3- [4C2,2,2-trif lu oro- 1- hjf d roKy- ettiyO- phenyl]- pro p- 
2-yny[l- e oindole- 1,3- dione (FTeparation 10). ''H-HHyR (CDCji) 5: 7j8 (m 2H). 7.7 (m 
2K). 72 Cm 7.1 Cd. 1H). 4.0 (m 21^. 3.7 Cm 4H). 2j6 (t 2H). 2.0Cm 2H). 1 JB (s. 
3H). MSCrrye. %):351 Clvyf. ST). 336C100> 
5 Preparation 24 

3- [3-C2- Mefrivl-ri.31dioxolan-2- vl> phenvn- propylamine 
This compound iruas prepared h a manner anajogous to friat in Preparation 
12 subetitijtrig 2-{3- p-C^-rriethy I- [1 3]dioxolan-2-y!)- phenyl- pro psiil}- e oindole- 1.3- 
dione ( FT epar ation 23) for 2-{3-[4i:22.2-irifluoro- l-hydrcc^jf- ethfsfl)-pherfsfl]-propsf J- 
10 isordole-1.3-dione. ^H-NtwR (CDCy) 6:7.3 (rr^SK). 7.1 (dd. 1H).4.0CrT^2K). 3JS(rT\ 
2H). 27 (t 21^. 2J6 (t. 2H). 1.8 (nx 2K). lJB(s.3K). M£(.Trf6. 221 (luT. 20). 206 
(600, 1S9 (lOOT). 

Freparfl1ion25 

2- (3- lodo- phenfvr> prop3n-2- ol 

15 To a stirred s olution of meihyl magnesiumi chloride (65 mmcil) in 100 mL THF 

at <fC VI) cE added dropijv ise 3- iodoacetophenone (4.0 g, 16.3 mnoti. The reaction 
mktur e lAi as a lw>> ed to w ar mi to RT th en cooled to 0^ an d a n additio nal equi^ra le nt 
of methyl ma gnes lu m ch lo ride w as added. The rnkturewas allovu ed toiAi armto RT 
and stirred for 5 hr. The reaction mature was quenched iai iti-i MeOH, diuted iruHti 

20 i/y ater , acidif ie d iai ith g la cial Ac OH, and exfr acted v» Hh dich lo rometti ane. The or ganic 
extract was washed wlh 5% sodium bicarbonate solution then concentrated. 
ChrorTLatDgraphy on silica gel eluting vulh dichloro methane gave an oi uuhich 
s olid r led upo n s ta nding. MS ( rrVe . %): 262 (luf . 80). 2^ (AOCS). 
Preparation 26 

25 2- f3- B-fl- Hvdr okv- 1- metti vl- ethfv 6- p henv I- p rop-2- vnv ^- is o h dole- 1 .3- d io ne 

This compound uuas prepared h a manner analogous to that in Preparation 
10 substituting 2-C3-iodo-pheny[)-propan-2-ol (Preparation 25) for 22.2-irifluoro- 1- 
(4 io do- pheny[)- ethano I MS ( nVe . %): 3 19 (luf . 90). 301 (SO). 1 60 (1 OGT) . 
Preparation 27 

30 2-13- 13- (1 - Hy droxy- metthyl- ethy b- P heny I- p ropvH- e oindole- 1 .3- dione 
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This compound was prepared h a manner analogous to ttiat in Preparation 

11 subslituting 2-{3-[3-C1-hy-dro><y- l-rreihy-l- ethlifr)-phe^^l^r!]-prop-2-yrllvl}-isoindole■ 
1 3- dion e ( FT epar atio n 260 f or 2- {3- [4C2,2,2-trif h oro- 1- hjf d rcKy- eihyr> phenyl]- pro p- 
2-yny[l-Eoindole-1,3-dione (Preparation 10). IWtS (rr/e. %): 306 (Hyf-HzO. 80). 1* 

5 (100). 

Preparation 2S 

2- [3- [3- Amino- pr op-ijf:i- p|-i envQ- pr opa n-2- ol 
This compound was prepared h a rranner anabgoLE to that in Preparation 

12 s u betituting 2-{3- [3- (1 - lifif dro><y- 1- mefriyl- etj-iyO- ph enyl]- p ropyl}- e oindole- 1 .3- 
10 dione C l=T epar ation 27) for 2-{3-[4C22.2-tirfluoro- l-hydroocjr- ethyl)- phenyl]- propyj- 

is 0 r dole- 1 .3- d io ne. MS ( rrfe. %) : 193 (lyyf . SOT) . 162 (600 . 1^ (1000- 
Preparation 29 

4 p-f;i3-Dioxi>1 3- dihydro- i5QindQl2-y|> prop-l-ynyj]- benzonitrile 
This compound was prepared h a manner analogous to that in Preparation 
15 10 using appropriate starting materiab. H HlyyR (CDCy 5: 7.8 (nx 6H). 7jB (d. 2H). 
4J6 (s , 2H). MS ( nVe, %) : 286 (Ivf , 100). 
Preparation 30 

4- [3-( 1 .3- Dpxo- 1 .3- d hydr o- is o h dol-2-vD- pr I- b enzo nilr ile 
This compound was prepared h a manner analogous to that in Preparation 
20 11 s ubs tituting 4- [3-( 1 ,3- dioxo- 1 ,3- d hy dr o- is o h dol-2-y F)- pr op- 1- ynyl]- b enzo niti- ie 
(Preparation 29) for 2-{3- p-(222-trifluoro- 1- hfjfdroK-j/-etl-(yp-phenif j-prop-2-ynif J- 
ts oh dole- 1.3- dione (Reparation ^0). ^H-NluR (CDCy) 5: 7.8 (dd. 2H). 7.7 (dd. 2H). 75 
(d. 2H). 73(d.2H).3.7(t. 2H). 2.7(1; 2K). 2D (m 2K). MS(rTye. %): 290 (lur.60!). 
161 (100!). 
25 Preparation 31 

4-(3- Amino- pr ocv b- b enzo niir lie 
This compound was prepared h a manner analogous to that in Preparation 
12 substluting 4p-(1.3-dioxo-13-dihydro-isoindol-2-yl)-propyq-benzonifa'ie 
(Preparation 30) for 2-{3- [4 (2 Z2-ti if luor o- 1- hydroxy- ethyj)- phenyl]- propyj- 
30 isordole- 1.3-dione. ^H-NIUF! (CDCy 5: 7j5 (d. 2H). 7.3 (d, 2H), 27 (m 4H). 1.8 (m 
2H). MS(rTye. %): 160 (luf. 20). 143(100). 
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Prepara1ion32 

2-ChlQr(>3.4drne1ha?tv- benzaldehyde OKime 
A mkture of 2-chlorci-3,4 dimethijKvbenzaldehf^f de (15 g, 75 mfnoD, 
hydroKiflamine hydrochloride (690 mg, 9.4 rrmiir:!, and sodium acetate (1.5 g, 1SB 
5 mmoD in 30 mi IvyteOH and 15 mi water dv ai- heated at 65°C for IS hr. The mcdure 
w as diuted itturtj ater and extracted w rtfi EtQA.c. ITie organic eKtiact iroas iaj as hed 
s uccessivety iaj th ater and brre, dried over MgSO^ and concentiated to give 1 .7 
g of a sold. VhIwR (CDCyj S: 35 (s. 1H) 7.eCd. 1 K). SB (d. IIH). 3j9 (s. 3H). 3jS (s. 
3hf). lvytS(rTye. %): 215 (lyf.«). 199(1000. 
10 Preparation 33 

2- Chloro-3,4-dirTietho(>;v-benizvbmrie 
To a strred s olution of the product of FT epa ration 32 (1.7 g, 7S mmoF) in 43 
mLTHFatOflCwas was addedslowfy drop.ii.iL-e a 1 M solution of LAH r T>IF(17 
mL, 17 mnBl). The mtdure w as allow ed to s bw w armto RTthen ref liKed f or 2 hr. 

15 The mkture was cool to 0^ and the re adion quenched w th NyleOH added sbwfjf 
dropwtse. The mkturewas dil'jted w ith w ater and e>d:racted w ith chloroform The 
resuting emubion was filered through datomdceoijs earth and the f Urate layers 
separated. The organic extract was washed wth water, dried (lyyfgSOJ and 
concentrated to give 1.1 g of an oil. IUtS(rTye. %): 20G(luf. lOOf). 

20 Preparation 34 

3-EthQxy-4rTBthwbensaldehyde OKlme 
This compound was prepared h a manner analogous to thai in Preparation 

32 us ing appr opr iate s tarth g mater iais . ^ H- H luFt ( CDCy) S: S. 1 (s . 1 H) 7 2 ( d. 1 H). 7 D 
(ru1H).6S(d. 1K).4.1(q.2H).3.9(£.3H). 1.5 (t. 3H). lUtS (rrfe. %): 195(lur. 100). 

25 Preparation 35 

3- Bhaw-4- methoxv- b enzv la mil e 
This compound was prepared h a manner analogous to that in Preparation 

33 us ing appr opr iate s tarth g mater iais . ^ H- N lyyR ( CDCf^ S: 6.9 (s . 1 K) 6 S (s . 2H). 4.1 
(q. 2H). 3J8 (s. 2H). 1 5 (1; 3H). HytSCrTVe. %): 181 (luT . 100). 

30 Preparation 36 

2- f3- FV ridir> 4v I- pr opvD- is oind ole- 1 3- dion e 



-31- 



To a sir reds olutio n of 4 pif r id r epr opan ol (2.0 g. 145 ntra\} , phthdlirride (2 .1 
g, 14.5 mmor). and irphenv^ihcsphine (4.9 g, 152 mmor) in 50 mLTHF atO^Ciruas 
added dropwise dieihyl azodicarboKylate (2.5 mL, 16.0 rrmcirj. The mktureiftjas 
a low ed to s low iftj ar m to R T then stirr ed ove might The rrktur e iaj as d iuted m ith 
5 0.1 N hydroohloric aoid an d w as hed w th diethyl ettier. The aqueoLE extract was 
has if led w ith 6N sodium hydroxkJe and extraote d w ith BD.i\c. The organic e>rtract 
was washed with IN sodium hydroxide and water, dried 0(fer ^ylgSO+, and 
concentrated togyelS g of a solid. ^H-NIWFt (CDCy)5:8.5(s. 2H). 7.8(m2H).7.7 
(m 2H), 72 Cm 2H). 3.7 (t. 2H). 2.7 (t. 2H). 2D (ru 2H). 
ID Preparations? 

3- FVr id ri-4 yl- p ropylamine 
This compound was prepared h a planner analogoLE to tiiat in Preparation 
12 using the tide compound of Preparation 36. ■'H■N^F! (CDClji 5: S.4(m 21-0, 7.1 (n% 
2H), 27 (t. 2H), 2.6 (1, 2H), IS (m 2H). m{vTi^, %): 136 (r^, 30), 119 (35), 107 
15 (100). 

The compounds of formula (j) were prepared as described in the fo lowing 
Exarrples . 
B<ample 1 

*- (3 j5- DimethoK V- b enzv \\-i\F-(2- pvr id ri-2- vl- ettw 6- pvrido E 3- dl cvr irrid h e-2 .4 

20 diarrine 

A mkture of the tile compound of Preparation 1 (174 mg, 0.5 mmol), 2-(2- 
a mroethyr)- pyridine (386 mg. 32 rrtrof). and DIPE^^ (p.2 mL, 1.1 rrmf) h 1 mL of 
DMSO was heated at QO^C for 18 hr. The rrtdure was poured hto water and 
extracted wth methylene chloride. The organb extract was washed with brhe, 

25 dried over MgSO,. and concentrated. The resulting residue was triturated with 
ElQAc to give 83 rr^ C'W%) of the title corrpound. mp. 157- 8PC. ^H-NluR CDIUtSO-d^:S 
8JB(dd. 1H). 8.5 (d. IK). 8.4(dd. 1K). 7.7CrTX 1K).7.2CrTX IK). 7.DCm2K). 6j5(m 
2K). 63 (m IK). 4.6 (m 2K). 3.7 (s. 6K). 3JBCrTx2K).3.0(m 2K). MS(rTVi. %): 417 
(100). Anal. Calcd. for CzaHaNrffe: 0.66.3; H. SB; H. 202.. Found: 0.653; H.63; H. 

30 18.3. 
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The CO rrpoun ds of Bca mples 2 to 5 w er e p rep are d h a man ner an alogous to 
that described in B(ample 1 using appropriate starting materials. 
Example 2 

M*- (3 5- Dimetha>;y- b enzy \\-l\F-{_2- pyr d r-:::- ..i l- fiUs [i- purido p 3- d] pyr imid r e-2 
5 diamine 

mp. 185-e" C. Anal. Calcd. for QzaHz^Ct C. 66.3; H. 5.8; N. 20.2. Found: C. 
64.5; H.5JS; N. 19JB. 
Example 3 

A/*- (3 j5- DimethoK V- b enzv D-rt/^-f 2- pyr id h-4 vl- ettw 6- pvrido E 3- dl pyr irrid h e-2 .4 
10 diamine 

mp. 23^^C. Anal Calcd. fcr C^^Oj C. 66.3; H.5.8: H. 20.2. Found: C. 

66.0; H.5J6: H.20J0. 
E^^mple 4 

flS* (3,5- Dimethoxy- be nzif\)-flS^-2- pyr idirh:3- vlrretl"ii,i I- pyr ti o[2:3- d] rirridine- 2.4- 
15 diarrine 

mp. Anal Calcd. for CzzHzzNsCfe C. 65.7; H.5.5: N. 20.9. Found: C. 

65.5; H,55; N.20JS. 
B<amole 5 

fl{^-flS*-3/s-(3.5- dimetho>;v- benzv[> p\frido[2.3-d1pvrimidine-2,4diarTirie 
20 mp. 159-160°C. Anal. Calcd. fcr C3H2,NsP+: C. 65.1; H.5.9: N. 15.2. Found: 

C.eS.S; H.5.9: N. 15.1. 
Btamole 6 

A/V3.5-Dimeithoxv- benzv^Af^- E- f4- methoxv- phenvfr elhvll- pvridol2.3-d1pvrimidine- 
2. 4- diamine 

25 A mixture of the title compound of Preparation 1 (100 mg. 0.5 mmol). p- 

mettioxyphienettTvlamhe(]89 m1-.0.61 mvol). and DIF^(105 \iL 0.61 mrol) inOS mL 
of DMSO was hieated at 9d°lC for 18 hi. The corrpound uuas isolated and purified 
from Itie crude reaction rridure by directly injection on a reversed-ptiase 
preparative HFUC (Shimadzu Corp.; I^oto, Japan) ushg a step gradient of 

30 acetonitrileAAjater containing 0.1% anvnonium liydroc<ide as an elutant Fractions 
containing ttie desired product uuere conijined, concentrated, and ttie residue 
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recrvstallized from PA to give SO mg (160%) of the litle corrpound. mp. 38-9^. Anal. 
Calcd.for C^U^: C.67.4; H.6.1; H. 15.7. Found: C.67.0; H.63; H. 152. 

The compounds of Samples 7 to 31 uv ere prepared in a manner analogous 
to that desorbed in E^arifple 6 using appropriate starthg material. Specific 
5 exceptions to the reaction and/or purificaliDn conditions emplo^^ed are noted. 
Example 7 

rt/ V3.5- D methoxy- benizvl> /U^- [3- pherryl- propyl pyr id o[23-dlEf^rrimidine- 2,4- diamine 
^H-NfyyF CDIyyG&ds): 36 Cdd. 1H). 3.4 (d. 1H3.7.2(m br.3hCi.7.1 Cm br.2Hj. 
7D Cm br. 65 Cs. br . 2hf) . 6.3 Cs . br . 1h<l.4.6Cm br. 2H). 3.7 Cs. br.6hO. 2J6Cm 
10 br. 2hO. ISCrn br. 2H). 17 Cm br. 2H). MSCmfi. %):417C100). MS Crrrti. %): 430 

C100). 

&<amole S 

flf^- E- (!^ Ch b ro- phe my D- ethy Q-^*-i;3^- dimetho?^if- bereyfr py r id oE 3- ^ pyr irrid h e- 
2 .4- diamine 

15 mp. SS-gCf'C. Anal Calcd. for Cz^^O^[ C. 64.1; H. 5.4; H. 15.6. Found: 

C,S3.6; H,5.7; N, 15.3. 
Example 9 

Ai^-Benzyl-A^*-C3.5- dimelhoKV- benzyl^ pvridQl2.3-d1pvriniidine-2.4dianire 
mp. S4SS^C. Anal Calcd. for Pz^iz/^sPz C. 66.8; H.5.8: N. 17.4. Found: C. 

20 63.5; H, 6 JO; N, 17.4 
S^ample 1Q 

A/*-C3.5- DimelhoKy- benzy^^/^°■C2■thiQphen■2■v^ ethfyl> pyridQ[2.3-d1pvrimidine-2.4 
diamine 

mp. 120-1*C. Anal. Calcd. for CeHzsNsOsS: C. 62.7; H. 5.5; N. 16.6. Found: C. 
25 62.2:H.6D:N. 15JB. 
Example 11 

2- C4-f F4 C3 j5- DimethoKV- b enzy la mr q> pvr idQl2.3- dipv rimidin-2-vlaminQT- rnethvU- 
phenyn- DrQpan-2-Ql 
mp. 105-9*1C. Anal. Calcd. for CaHsNsQj C. 66.0; H. 6.4; H. 15.2. Found: C. 
30 67.7; H.6JB: N. 14.4. 
B<ample 12 
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A/*-(3.5- DimeihoKV- benzvl>A/^-2- phen ethyl- pvrido E.3- d]F^frrriidine-2,4 diamine 
mp. 112-4*0. Anal Calcd. for Cz^HaE^tPz C. 69.4; H.6.1: N. 16.9. Found: C. 
6S.5; H.6S; N. 15J3. 
Example 13 

5 fli*-f 3.5- Drneih OKy- benzyQ- ^-(3.5- d n-feti-n:.::::...- pheny[t- ethyQ- pyr idop.3- 

dl pv rimidine- 2.4- diamine 
mp. 95- 100-^. Anal. Calcd. for C^^^s^O^ C. 65.7; H. 6.2; N. 14.7. Found: C. 

65.5; H.6JS: N. 145. 
B^ample 14 

10 A/*-t"3.4 Dmefri oxy- benzv[> /l/^- E-f 3-f luor o- p heny ti- efrivn- pvr id or23- dl m rimidine- 
2. 4 diamine 

mp. 227-S*C. Anal. Calcd. for C^HaNsPzF: C. 66.5; H. 5.6; N. 16.2. Found: C. 
66.6; H,5j6; H. 162. 
&<ample 15 

15 rt/V3.4 DmelhoKV- benzyl)- A/^- E-f2-f luor q-p heny b-elhyll- pyr id Q|23-dlpv rimidine- 
2, 4 diamine 

mp. 220-2^0. Anal. Calcd. for CaHaNsPzF: C. 66.5; H. 5.6; N. 16.2. Found: C. 
66.4 H,55; N, 16.1. 
Example 16 

20 A/*-f3.4 Dmefrioxy- benzy[>/V^- E-f4f luor o- phenyl)- eihyl]- Fi/rido[2;3-dlpyrimidine- 
2 .4 diamine 

mp. 225-6*0. Anal. Calcd. for C^HaNjpjF: C. 66.5; H. 5.6; N. 16.2. Found: C. 
66.4:H.5JB:N. 162. 
Example 17 

25 fli* (3 .4 DirnethoKy- b enzy b-flF- p henelhy ^ py r ido[2.3- dipy rimdine- 2.4 d la mil e 

mp. 217-8PC. Anal Calcd. for C^^Hzs^tPz C. 69.4; H.6.1: N. 16.9. Found: C. 
69.4:H.6D:N. 16JS. 
Btamole 1S 

J\{*-f3A- Dimethofefy-bergy[l-yiy^-r4phery t buly[l-pyrido[2.3- (^lpyrimidine-2.4 diamine 
30 mp. 1945^0. Anal Calcd. for Cz^issT^Bps 0, 70.4; H, 6.6; H, 15.8. Found: C, 

70.5; H.6JB;N. 15J9. 
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B^ample 19 

/ly^-fS.^-Dmefri owY- benzyiy /V^- (2- ph enoKV- eihy D- p vrido E 3- dl pvr imid h e-2 .4 diamine 
mp. 227-8fC. Anal Calcd. for C^^Has^tPi C. 66.8; H.5.8: N. 16.2. Found: C. 
66.7; H. 5.7; N. 162. 
5 B^ample 2Q 

M^-OA DmefriOKV- benzY[>yV^-t2-irifluQrQme1hvl-berigvri-Pvrido|2.3- d1pvrirTidin&-2.4- 
diamine 

mp. 227-8f'C. AnaL Calcd. for CZ4HZ2N5Q2F3 C. 61.4; H. 4.7; N. 149. Found: 
C.60.6; H.49; N. 14.S. 
10 Example 21 

2-f 4 f3- H-f 3.4 Dirnethoxv- benz vlamino> w ridQl2.3- dlpvrimidin- 2-v la mh ol- pr opv ^- 
phenfv-r>prop3n-2-ol 
Rev eis ed- phas e preparatj/e HF1X fradions containing crude desred 
product were concenirated and the residue uu as recrystalized from HOAc. mp. 
15 198-S^. Anal. Calcd. for CsH33H<j03: C. 69.0; H. 6S: H. 14.4. Found: C. 66.7; H. 6.9; 
N, 143. 
Example 22 

2-['4 f3- Dimethoxy- benzvlarTiino> py ridci[2,::i- iJlpyrimidirh 2-v la mri 0]- pr opy ^■ 

phen\i[> prcip3n-2- ml 

20 (a morp hous s 0 id) m p. 70-5'^. ^ H- NtuF; ( DrutBO- d^ : 8.6 (d d, 1 H) , 8.4 (d , 1 H) , 

73 Cm br. 2K), 7.1 (m br,2K).7.0Cm br, 2K). 6.5(5. br. 2KJ. 6.3(,5. br. 1H). 4BCm 
br. 2H). 3.7 (s. br. 6H). 2.6 (m br. 2H). 1.8 (m br. 2H). 1 .7 (m br. 2H). 1.4(s 6H). MS 
(nVi. %): 430 (100). MS (rrte. %): «8 (luf+1. lOOf). 470 (SOf). Anal. Calcd. for 
CsKajNsQa: C. 69.0; H. 6S: N. 14.4. Found: C. 67.1; H. 7.0; H. 12.1. 

25 Example 23 

1- (4f (3 .4 Dirnethoxv- b enzv la mil o> pvr idol2.3- dipv rimidin-2-vlaminoT- rnethvU- 
phe nvl> 2.2.2-tr if luor o- eiha nol 
Reversed- phase preparatit^e HFtJC fractions containing crude desred 
product uuere concentrated and itie residue uuas recrystalized from 
30 acetonitrileArtjater. mp. 121 -2*C. Anal. Calcd. for C:s^f^1':i- C. 60.1; H, 4jS: H, 
14.0. Found: C.SS.O; H.5.0: N. 13.4 
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&;ample 24 

1-t"4|3- R-["3,4DimethQ?<Y- benzvlamino>pvridQ|2.3- dlpvrimidin-2-vlamhQl-prQPvr- 
p heny D- efria none 

The reaction mature containing crude product was po ure d into iro ate r and 
5 thie resutthg precipitate as tittered off. Ttie res due was dtssohred r 30 rriL of 
Me OH a nd 10 rriL of 1 H tiydr ochi b ric acid w as add ed. The rrktu re iaj as sir re d at RT 
for four tir, concentrated, neutralized wih 5% s od urn bicarbonate s olution, and 
extracted w itti dichibromeitiane. Ttie organic e::dracfe UMere contiined andwaslied 
w 'Ah brine, dried over MgSO,., and concentrated. The crude products as purified bjf 
10 reversed-ptiase HFlJC as described h Bsarrple 6. Fractiore containing desred 
product lAiere combined, concentrated, and the residue recrystallized from 
acetonitrile/uftjater to furnish a solid, mp. 1945°C. Anal. Calcd. for C^HaM^: C. 
6S.S; H, 62; H. 14J9. Found: C. 68.7; H. 6.0; H. 14.6. 
&<arTiple 25 

15 1-f 4 f3- H-f 3.4 Dirrethox^- benz ylaminoV pi/ ridQ[2,3- dip yr imidin- 2-v la mh ol- pr opy i- 
phe rfjfr> 2,2,2-tr r luor 0- efria no! 
mp. 222-4=C. ^I4NIVF (DMSOd^iS 8.6 (dd. IH), S4Cdd, 1 Hj, 7.4i;m br,2H), 
73 Cm 1H). 7D(m br. 2Hf. 6B (s. br. 2K). 6.7 (d. 1K).5J0Cm br. 4j6 (s. br. 
2H), 37(m6H).3.3Cm2H).2.6 (m br. 2H). 1.8 CrTxbr.2K). MSCmfe. %):52SCluf . 
20 lOCp. 

S^ampie 26 

/U^-3- f Be nzof 1 .2.51 OKad iazol-S-vl- pro pvl> fif* (3 .4 dimethoK v- b enzy D- pvrido E 3- 
dl pv rimidine- 2.4 diamine 
The product uu as isolated biy chromatographv onsiica gel eluthguuith2j5% 
25 Me OH in 2 N arnriDnia/dichioromethane to give a crude solid. Tritur alion uu Hh ElQAc 
afforded asolid. mp. 191- SPC. HNIuR CDMSO-(t):S S.6Cdd. 1H). 8.4 (dd. IK). 7fl 
(m br. 1K).7.7 (m 1H). 7.5 (m br. IK). 7D(m br. 2K).6.8(rT\2K).4J6(m br.2K). 
37(m6K).3.4(m 2H). 2.7CrTX br. 2H). 1 fl (rrx br.2K). MSCrrVi. %):472Clyyf. 100). 
Example 27 

30 (Be nzothiaz qI-6- y I- p ropy I)- A/*- (3.4 dirnethoKy- be nzyP- PV rido|2.3- dlpyrimidine- 
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The product uu as isolated by chrorratography on s iica gel eluthg uyith 25% 
Me OH in 2 N ammonia^dichloromethane to give a sold, mp 191-3flC. HytS (rr/z. %): ^ 
Clyyf. 1OO0. Anal. Cafcd. for C^Ha^pzS: C. 64.2; H. 54; N. 17.3. Found: C. 645; H. 
55; N. 16S. 
5 S^ample 2S 

M* t3 .4- DimethoKV- be nzvri-/U^-|3- [3- [2- methyl- [1 31- dioxolan-2- vr> pl^e IV pr ofvU- 
pyrido E 3- dl pyr imcl r e-2 ,4 diamine 
^H-NfyyF CDIy«&d5):5 S.eCd, 83 (d. 1H). 7.2 (m br.3hf).7DCm br.31^). 
6J9Cm br. 2hf). 4J6Cm br. 21^). 41 (m 2H). 3.9 (ru 2H). 3.7 (ru br.SH). 2JBCrubr. 
10 2hf). 1SCmbr,2hf)1.5Cs,3l^).ly«CrTyz. %):516(lwr+1.100). 
Biarnole 29 

2-f 3- {3- F^i:"3,4 Dimethocy- bergylamino)- p/ ridi:ir2,:ii- dipyrimidin- 2-y la mri o1- pr op^y \- 
phenyri-pri:.p3n-2-.:il 
mp. 2M-5='C. HHIwR (DhyG&.^:5 S.6(d, IK), S3 (d, IK). 7.3 (n% br. 1H), 
15 72 (rr^ br, IK), 7.1 (m br, IK). 7.0 (m br, 3K).6.8i:;s, br, 2K3. 4.6(2, br,2hO, 3.7 (m 
br, 6K), 33 br. 2K). 2.6 (m br.2H). 1SCru br.2K). 14(5. 6K). IVtS (rrVi. %): 488 
(r^+1, 100). 
B<arTiple3Q 

413- H-(3.4- DirnethoKV- b enzy la mr o> py r idQl2.3- dipyrimidin- 2-v la mh oT- pr opyl}- 
20 benzonilrile 

mp. 220-2;='C. ^K-NtwR (DtyGCKfe):^ S.6(d, 1K), S3 (d, IK). 7.7 (m br. 2H}. 
74 (m br. 2H}, 7J0(m br.2K).6.8(s. br.2K).4.6(s. br.2K).3.7(m br.6K). 33 (m 
br. 2H). 2.7 (m br. 2H). 1.8 (m br. 2H). MS (rrfe. %): 4B5 (luf+l . 100). 
Exanple 31 

25 rt/*-(3.5- Dmelti ow- benzyfr f^- (3- py ridin- 4v V pr opvl)- py ridol2.3- dlpvrimidine- 2.4 
diamine 

VnIuF (CD2Cy):5 9.1 (d. 1^). S.9 (rrx br. 1K).8.4(m br.3K).72(m br.2K). 
7.1 (rrxbr. IK). 7.0(5. br. IK). 6.9 (d. IK). 6.6(d. IK). 4S(d.2K).3.7(5.3H).3.7(5. 
3Kl. 3J6 (m 2Kl. 2.7 (m 2H). 2.0(m 2H). MS (mt. %): 432 (luf+1. 20). 2S6 (IS). 237 
30 (30). 216 (100). 
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The compound; of Examples 32-35 were prepared dccording to the 
follow rg generated procedure. Specific exceptions to the reaction and/or 
purification conditions employed are noted. 

To a stirred solution of 2,4 dichlorr>pi,iTidcfi:,:]i- iflpifrimidrie (0.75 mmor) and 
5 D PEA (1.5 mmo p in 3 mL DMSO w as adde d 0 .75 n-mc I of a n amine cor res pond h g to 
formula (Vj, Scheme 1 , STEP1 , at RT. The mkture was stirred at RTfor one hr. then 
225 mmol of an amine corresponding to formjia (Vf). Scheme 1, STff2, and 
a dditio nal D FEA. (2.25 mfrof) w er e a dded , and the mtrture h eated at 90^ f or tw o hr . 
Example 32 

10 flS*'-(3A D rne1ho?<:v- bengv[> flf^- (3- phe nyl- p ropvf> pyr id o[2,3- d1 m rirridine- 2,4- diamine 
The compound was isolated and purified fro mi the crude reaction rrixture by 
drect injection onto a reversed- phase preparatiue HFLC using a step gradient of 
acetonitrilayWater containing 0.1% amfroniumi hydrmxidH a; an elutant Fractions 
containing the compound were combined and concentrated to grue a solid, mp. 190- 

15 2^. ^H-NlyiR(d^DA.60): 5 S.6(dd, 1H;i, S.4(dd. 1H).7.2(mi br,3H),7.1 (m^ br,2H), 
7 D ( m br, 2H) , 6.8 (m b r. 2 K). 4fi ( ru br . 2K) . 3.7 (d . br . 6K) . 3.3 Cm b r. 2 K). 2J6 C m 
br,2H:i, 1.8Cm2K).MS(rTye. %):431Clyyf+1.S0).430(lyyf. lOQf). 
B<ample 33 

fli*-(3.5- Dmeth oxy- benzy[> flf^- (3- ph enoxy- eth\f D- pyrido 12 3- d] pft imid h e-2 .4 diamine 
20 The CO mpoun d w as isolated and purified from the crude reaction mature by 

drect injection onrto a reyersed-phase preparative HPUC using a step gradient of 
acetonitrileAAfater containing 0.1% anmonlum hydroxide as an elutant Fractions 
containing the corrpound were combined, concentrated, and the residue 
r ecrystallized f r om PAi/v ater . m p. 165-7^. ^ H- NIUFt ( dg- DMSO) : 8.6 (d d. 1 H). 8 .4 ( d. 
25 1H). 72Cm br. 3H). 7.1 (ru br.2K).7.0Cm 1H).6.9Cru br. 2K). 6.8Cru br. 1H). 65 
(d. 2H). 64(5. 1H).4.6Cm br.2H). 4DCm br.2H).3.7Cru br. 8H).MSCrTye. %): 433 
(lur+1.S0).432(lur.10Gr). 
Btamole 34 

M* f3- BhoKy-4 rnathoxy- bengy[>- fli^- f3- phe nyl- p ^opv[^ pyr id op 3- (fl pyr imid n e-2 .4 
30 diamine 
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The corrpound uu as isolated and purifed f romthe crude reaction mature 
drect injection onto a reverse ptiase preparatrue Hi^ using a step gradient of 
acetonitrileyWater containing 0.1% arnfronium hiydroxide as an elutant Fractions 
containing ttie compound ere contiried, concentrated, and recrystalized from 
5 acetonitrileyWater. mp. 131-2^. Anal. Calcd.for C^HbNsPs C. 70.4; H. 6.6; N. 15.8. 
Found: C.70.7; H.6fl; N. 153. 
Example 35 

2- C4-{3- [4 (3- atioxy-4- mattioxy- b enzy la rrr o> pyr idi:i[2,3- djpyrinidin- 2-y la nri o]- 
p ropvH- phienvr> pro parh 2- ol 
10 The CO mpoun d iaj as is elated an d p urif k d f ro m the cr ude re action mktu re bif 

drect injection onrto a reverse phiase preparatwe HPUC using a step gradient of 
acetonrtrilsrtrtjater containing 0.1% arnfronium hiydroKide as an elutant Fractions 
containing the desired corrpound were corrfcred, concentrated, and reciystallized 
fromacetonrtrilaiuater. mp. 1S0-2*C. Anal Calcd.for C^sHiNift: 0.69.4; H.7D; N. 
15 13.7. Found: 0. 69.1; H. 6.9; H. 13.7. 
Example 36 

1-f 4 13- H-f 3.4 DirTBthoxy- benz ylaminoV pv rido[2.3- dip yr imidin- 2-v la mh ol- pr opv t- 
phienyiy 22 2-trif luo ro- ethan one 
To a stirred strreds oluton of ttie title compound of B<arTple 25 (150 mg. 0.23 
20 mrro!) in 15 mL dictiloromettiane at RT was added 1,1.1-1iiacetax:y-1,1- dihydro- 1.2- 
benziodoKol-3<1l-r>one (130 mg, 0.43 mmol). Thie mature iai as stirred at RTfor six 
tir. ttien an additional portion of 1. 1.1-triacetoKy- 1.1- d hydro- 12- be nziodoxol-3(1 HQ- 
one (180 mg. 0.43 mnBO mas added and ttie mixture stirred at RT overnjghit. The 
rrixture vuas diluted vn'Ah ctiioroform tnj ashed uuith uuater. dried over MgS04.. and 
25 concentrated to give an oil. Ctiromatograptiy on siica gel eluting vn Ih 5% MeOH2N in 
arrtTonia/dichloromethane afforded an oil TrituraiiDn vuith BOAc yielded 46 mg of a 
solid, mp. 198-200^. ''H-HIuR (dsDMSCT): 5 8jB (dd. IK). 8.4(dd. 1K). 7.9(rTX br. 
2K). 7j5(m br. 2K>. 7D (rrx br. 2^). 6.8(m br.2H).4J6(m2K).3.7(m6K). 3:3 (m 
2H). 2.7 (nx br. 2H). 1.9 (nx br. 2H). MS (nVe. %): 526 (luf. 100). 



1-t"3- 13- R-t"3,4 DimethQ?<Y- benzvlaminoV ridQ|2.3- dlpyrimidin- 2-v la mh q1- pr opy l- 
phenvD-elhanQne 

A mkture of the ttle compound of Preparation 27 (419 mg. 0J81 mmofj r S mL 
5 of THF containing 10 mL of 6 H hydrochbric acid was stirred at RTfor sk hr. The 
reaction mixture w as extracted irorth BQAc, the organic extract iaj as w as hed w ith 
5% sodiumbicarbonate solution, and then concentrated to g we a sold. mp. 1S2-£PC. 
VHIWRCda-DMSOO: S.S (d, 1 hf), S.7 (d. W).7.7(_n\ 2K). 7.4(m 3hf). 7D (s. 1H).6jS 
Cm 2H). 4.6 Cd. 2H}. 3.7 (s . 3H). 3 J6 (s . 3h<) . 3.5 (m 2H). 2.7 (ru 2^). 25 (s. 3H). 1 fl 
10 Cm 2H). MS Crr/e. %):^1Clyr. 300.470(100). 

BDLOGICAL lyyETtiODOlJOGIES 

PDE2 Bwrne Isolation 

PDE 2 enzyme was e olated from human platelets vo Ih appr(»<matety 1.4 L of 

15 bbod from mutiple donors used to make the platelet pellets. Ratele^ truere 
resuspended in a ppr oxirrately 75 mLof lysis buffer PO mMTre pH72, 5 mMKylgCt, 
2S0 nM Sucrose, 1 DTI, 1 \iU2 nL Sigma Protease hhibitor #S34D: Sigma- 
Aldrich; St. Louts, MU[ and ^^sed by sonication at^CwilhS rounds of 1 mil burst 
then spun at overnight at lOOjOOOx g. Cleared lysates iruere loaded to AKTA 

20 Explorer FFIX (Amersham Biosciences; Piscataway, r-U) in a series of three 
c hro matogr aphic s ep aratiore , w th an jt.ie rag e loa d volume of 25 mL. A 5 mL HiTr ap 
Q anion exchange column (Amersham Biosciences) was used. A buff er [20 nM Trts 
pH 7.2, 5 rrlA MgC^. 1 |j1i2 mL Sigma Protease inhblor #83d] was mixed with a 
gradient of B Buffer pO nM Trts pH 7.2. 5D0 nM NaCI, 5 nM tiflgCfe, 1 \]\/2 mL Sigma 

25 Protease inhibitor #33^ over 20 column volume.- from an initial B Buffer 
concentration of 0% to a final co ncentr ati:! n of 100%. cOIVF hydrotyzing pe^ 
were noted wlh average resolution at low salt 125 rrVil HaCI(PDE5) and highsat- 
325 rTiyylHaCI(PDE2). Two major oOtvP acti^fib..- fradiore (FOE 5 and PDE 2) were 
isolated and pooled separately. The FDE 2- pooled fraction total was app rcK rnately 

30 40 mL which was dispensed in cryovials of 200 p/vial and placed in storage at- 

soflc. 
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PDE 2 Enztfme Binding Assay 

The inhibitory activity of ttie corrpouni- of formula (I) on reoombinant or 
isolated FOE 2, and other FtEs. was deter rrried i±-ing the fVl]oAlyyP scinftillation 
proKrnity assay (_SFAI) kits from Amersham hternational (Lttle Clialfont, &iglan(f). 
5 Ttie SPA ass ays were perf o rmed us h g 96 w e I plates . The PDE SI=A ytli ium s iicate 
beads (Amersham Biosciences) bind p ref er entia fy- to the inear nucleotide, GlyyP, 
compared to the cycic nucleotide, cGIVfP. ^H- cGlyjP was added to the reaction and 
when the pr odu ct ^ Gly^P, w as in clos e pr 0Kimih,i- to the beads , the s cintilla nt w Hhin 
the bead was excted, whchwas detected ij.-ing a Pac4<:ard scrtillalion counter 

10 (Perkir>Bmer Life Sciences; Boston, lyfW). ITie enz^yrre concentration used was in 
the Irear range and the Kn of the enzyme was deter rrined (15 uhlti. The final 
substrate concentration was <^^3 of km (1 [if^i so that ICgj values would 
approximate the l<j values. The assay w i" validated ij;ing Iterature compounds as 
controt before testrg compounds. ITien, PDE cata^ftic acti^fity measurement 

15 obtained in the presence of the test corrpound, and thiDse obtained in the absence 
of 1h e tes t corrp ound , w ere c ompar ed and the ICga value is determine d. 

The radioacth.fe substrates and the products of the PDE reaction uMere 
deterrrined quantitatively using a RACK BETA 1219 liquid scintilation counter (LKB 
Wallac: Freiburg. FRG). Th e ICsn values (concentrations with 50% inhibition) mere 

20 deternined wth I^M cAIUP or cOIUP using the pe^fractons. The data vu ere fitted 
w ithf our parameters w itti the aid of the sigmoid a! logistic function. 

Using the previously described PDE 2 enzyme isolated from human platelet 
and the mettiod for assaying test corrpounds for inhibttion of tie enzyme, an IC^ of 
1.7 uMwas deternined for EHIMA. In addition, an of 3 nMfor 9- (1- acetyl- 4 

25 p heny 1 butyD-2- (3 ,4 dimethoKy- b enzy p- 1 J9- dihy d rop urin- 6- one w as als o deter mined 
using the aforementiDned method. 

The compounds of formula (D general^ e<hibit inhibitory activity. e<pre£sed 
as IC^s against PDE 2, that are <1:D00 nlyyl Ranges of PDE 2 inhibitory activity for 
the compounds of formula ([) h B<amples 1-37 aresetforlh in Table 1. 
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PDE2 Inhblion: +++ (10^ <50 nM>. ++ (10^50-250 nlyyp. + (ICn 250- 1.000 nlup 



The abiity of PDE2 hhibitors, inckjdingihe compounds of formula (j), to treat 
bone fracture and/or defect, or prormte bone in- growth, rnay be demonstrated 
according to Itie follow hg protocols. 
Rat Transverse Femoral Fracture lyybdel 

Male Spr ague- DaiAJ ley ra^ at 3 to 4 months of age were used. The animals 
were anesthetized wth ketamine and xylazine at doses of 100 and 10 mg^g, 
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respectivety. The right hindlimb of each rat uuas shaved and cleaned. A 1 cm 
incEicnvDas made just lateral to the patella and the femoral condyle iru as exposed. 
A Wrschner iru ire (O.CWP' in diameterll was introduced rto the riiamedulary canal 
through the rtercondvlar portion to serve as an internal stabiization. The muscle 
5 incEionwas clos ed with vicryl and the skin incE on was closed iru ilh stainless steel 
wound dps. The mid- diaphys is of the phned femur was fractured by means of a 
three- point bending device driven by a dropped w eight. The rats were pe rmrtted f ull 
w eight bearing and unrestrcted activity after i:ening from anesthesia. The test 
compounds were administered on various dji/s after s urgerj,i- bjf percutaneous 
10 injection onto the fracture site. The animals vuere sacrificed after treatmient and the 
femurs were colected for analysis. Fracture healrgwas evaluated bjf using 
radiography, histologcal, and biomechanical test (F. Bonnarens, et al., Journal of 
Orthopaedic Research, 2. 97-101 (lOS^). 

Study Protocol and Resuts in the Rat Transvers e F error al Fracture Mode l 

Tl-iree rronth- old male rafe were subjected to trans verse fracture of their 
righrt f errrurs under general anes tfies ia. A single dose (5 rrq) of A'*- (3 ,4- dimreth'jxy- 
benzyt)-A/'^-C3- phenyJ-propy!)-pyridoP3- d]pyrimrihe-2,4- diamine w as 

percutaneousty injected inrto the fracture sites at frie completion of fracture 
generation. Three w eeks after the injectons, the rafe w ere s acrificed and the rigtit 
femurs were han/ested and analyzed. Force-to-failure and stiffness (r dices of 
bone strength;) w ere rcreased by 19% and 62%. respectivel^f , in the femurs treated 
w rth A/*-(3,4 dimeih OKy- benzyl)- rt/^- (3- ph erry I- pro py D- pyr ido[2,3- d]pyrimidine- 2.4 
diarrtie. compared to those of the femurs treated with placebo. 
Rat Periosteal Injection Model 

Rats were anesthetized with isoflurane (2-3 mri) h a conduction chamber 
located h a fume hood. The right hindlimb of each rat was shaved and cleaned. A 
25 gauge needle attached to a syringe was pre-filed with a formulation of the test 
compound for local njeotion. The formulation w as injected onto the sub periosteum of 
femur in a volume of 5-15 pLf or 14days. The rafe w ere sacrificed after dosing, the 
femurs were collected, and then analyzed biy radiography and dual- energy X ray 
a bs or ptiometry ( DD<A) . 



20 



25 



study Ftotocoland Resuts in the Rat Per iosteal hjection Model 

The right ferrur of three-vueeh old rnale Sprague-Dauvle)^ tak received a 
tiaiif injeotion of ve hiole o r tes t comp ound i ts 6 tirres per ifo eek f or o inj eeks . On 
[>ai/ 15, all rafe irtjere sacrificed and the right ■femurs iruere collected for ana^fsis. 
5 Periosteal bone rduction uyas assessed Lisrig radiographic ^rid DEXA. Radiography 
showed new bone formation located on the injectcmste of all femurs Ireateduyith 
test compound. The bone mineral conrtent (BfuC) of itie injected region of the femur 
(area between lesser trochanter and miid- shaft of the femurs was assessed bif 
DE^A comparrg rats treated with test compound uuith those treated onif w Hh 

10 V ehicle. In this model, flS*-(_3.5- d meih o^y- benzi,i-r> flF- (2- py ridin- 4-y I ethyl> pyr ido[2.3- 
d]pyrimidin6-2,4-diamre, 2-(3-{3- f1-(3,4-dirrethoxy-berzylanTio> F[frido[2.3- 

d]pyrimidirv 2-y la mri o} pr opy I}- ph enyf)- pr opa rh2- ol, and Ai'*- i^'S ,4- dirriethcKy- b enzy p- 
Ay^-(3- phenyl-propyp-pyridop,3- d]p-vrimidrie-2,4 diarririH increased B^yC b<f 34%, 
4Q%, and 33% respecthre^^. Additionally, 9-( 1- a cetyl-4- phenyl- butyl>2-(3.4- 

15 direihcKif- benzyl)- 1,9- dhydropurin-6- one increased BlUC by 30% in the 
aforementoned model. 



